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We've just 
improved your 
esophageal 
stethoscope... 









Digital display 
for at-a-glance 
convenience 








we ve added temperature 


National Catheters esophageal stethoscope lets you monitor heart and 
respiratory sounds and now core temperature with one intubation. 
Temperature probe wires embedded in separate lumens can't interfere with 
sound transmission. Unique design gives you positive connections. 
Economical thermocouple design for truly affordable single use. 


The hi-lo* temperature monitor has an easy-to-read digital display—no 
squinting at tiny numbers on a meter. The monitor does not need any "red- 
line” adjustment or calibration prior to each use. Ordinary D-cell batteries 
give you accurate readings for over 6 months of normal usage without 
recharging; a warning signal tells you when they need replacing. 

For more information about the esophageal stethoscope and hi-lo® 
temperature monitor, get in touch with your National Catheter representative. 
If you use an esophageal stethoscope at all, you might as well get all the 
information it can give you. 
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Long before the ANSI Z-79.8 Standards 
were adopted, Ohio Medical Products 
was engineering a significant develop- 
ment in gas machines. One that would 
greatly advance anesthesia safety, 
technology and convenience. 


The result is the new Ohio Modulus”. It’s 
designed from the ground up to meet the 
Z-79.8 Standards. Then it reaches be- 
yond to set new standards of its own. 


Opens a new generation of safety. 


The Ohio Modulus helps prevent de- 
livery of hypoxic oxygen/nitrous oxide 
mixtures through the exclusive Ohio 
l in EMNI Nn 4 2-0 | Modal tor 


example, this unique mechanical inter- 
lock system lets you adjust oxygen and 
nitrous oxide levels independently, but 
automatically intercedes to prevent 
nominal oxygen flow below 25% or ni- 
trous oxide flow above 75% of the 
oxygen/nitrous oxide mixture. 


Anesthetic agent vaporizers are isolated 
on the Modulus. A positive vaporizer 
selector interlock valve allows you to 
select either vaporizer. Or a bypass gas 
circuit can be engaged when both va- 
porizers are turned off. What's more, the 
agent circuits are parallel, thus helping . 
to prevent accidental mixing within the 
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your world a lot safer. 


Key components of the Modulus are 
easily removable for service. Extensive 
use of pin-indexing and DISS connec- 
tions helps prevent accidental inter- 
change of similar components. Controls, 
indicators and work surfaces are located 
in optimal viewing and operational 
zones — key factors in your comfort as 
well as operational safety. 


Modularity enhances versatilityand 
convenience. 


As its name implies, the Ohio Modulus is 
totally modular. Key components are 
removable, so you can order a machine 
with the configuration to conform to your 
technique. 


You select the-gases,-vaporizers and 
flow ranges to meet the needs of your 
patients. You can order amachine which 


=wilaccommodate two tofour gases and 


two anesthetic agent xaéiporizers.—You 
can. also have key monitoring ànd 


functional controls locaxed..where you 
want them, not where man frame design 
dictates. 


State of the’artfor.years to come. 


With the ultra*adaptable*Ohio Modulus, 
you are ready for the advances in’anes- 
thesia technology whict lie ahead. Its 
modular concept even extends to its 
support and “accessory systems, so 
those too will.see you farinto the füture. 


Consider moving into the future now wi 
the Ohio Modulus. It can make yo 
world a lot safer. 


Ohio Medical Products 


A Division of Airco, Inc. 
P.O. Box 7550, 3030 Airco Drive, Madison, Wisconsin 


(C) 1980 Airco, Inc. 











PROVEN EFFECTIVE: 99% B.F.E. 


Features an all new internal filter structu re | 


with hermetic tri-gard locking device for 
added structural integrity and Se PR 
fail-safe performance. 


V The unique electrostatic filter works like 
a magnet; not just a strainer. 


Bacterial and Viral retentive. Biological 
testing proves it effectively stops all 
pathogens includíng Pseudomonas 
aeruginosa and Staphylococcus auereus. 


ut Only filter documented 9996 reliable 
against all organisms regardless of size. 


V// New hydrophobic reticulated chambers 
produce unique capillary action that diverts 
excessive condensate and rainout. 


Encapsulated filter media for maximum 
filter integrity and improved performance. 


Non-pleated filter media. 


b Protection against biological and inorganic 
contamination or migration. 


V/ Actual Biological Filtration Efficiency 
(B.F.E.) documentation measures 
effectiveness & reliability. 






^. V/ Hycrophobie treatment permits 
v. Virtually leak proof, 0000000000 
| vC Muki-directional. Can beinstalledor — ^. 
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high relative humidity. = 


ee Ad 


interposed anywhere upstream of 
humidification device. == 


Uu Low airflow resistance eases patient | : 


breathing. c 
Eliminates potential compliance problems. 


. WilEnot backwash if accidentally reversed. © 


Dor"t settle for the outdated window screen - 


technology of porosity type filters. 


Demand state-of-the-art effectiveness and 
reli£bility. Evaluation samples and — * 
documentation available upon request. For . 
private label or international sales information 
call Ray Sheppard, (305) 652-2365. 
For hospital or dealer sales call J. M. Alvarez; 


(305) 596-6878. 


K&G Healthcare Industries, Inc. | 
5373 N.W. 36th Street 
Miami Springs, FL 331 66 
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with intubation, 
Proceeding 
through surgery, 
Until closure 





Pavulon facilitates intubation and provides 


safe, neuromuscular blockade. ; 
Organon Pharmaceuticals 
Histamine release and ganglionic ŅOrganoaý A Division of Organon Inc. 
West Orange, N.J. 07052 


blockade are rarely, if ever, seen! - 
A PART OF Akzona IC. 


bromide - 


For a brief summaryof prescribing information, please see the following page. 





Until closure 


Proceed with PAVULON’ 


pancuronium bromide 
The clinically proven nondepolarizing muscle relaxant 


Brief Summary (Please consult full package insert, enclosed in every 
package, before using Pavulon). 

ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking agent 
possessing all of the characteristic pharmacological actions of this class 
of drugs (curariform) on the myoneural junction. 

Pavulon (pancuronium bromide) is antagonized by acetylcholine, 
anticholinesterases, and potassium ion. Its action is increased by inhala- 
tional anesthetics such as halothane, diethyl ether, enflurane and meth- 
oxyflurane, as Oe! as quinine, magnesium salts, hypokalemia, some 
carcinomas, and certain antibiotics such as neomycin, streptomycin, 
clindamycin, kanamycin, gentamicin and bacitracin. The action of Pavu- 
lon may be altered by dehydration, electrolyte imbalance, acid-base 
imbalance, renal disease, and concomitant administration of other 
neuromuscular agents. 

CONTRAINDICATIONS: Pavulon is contraindicated in patients known to 
be hypersensitive to the drug or to the bromide ion. 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY 
ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF EXPERI- 
ENCED CLINICIANS, WHO ARE FAMILIAR WITH ITS ACTIONS AND THE 
POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS 
USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILI- 
TIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THER- 
APY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE 
CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRA- 
TION. 

In patients who are known to have myasthenia gravis small doses of 
Pavulon may have profound effects. A peripheral nerve stimulator is 
especially valuable in assessing the effects of Pavulon in such patients. 


USAGE IN PREGNANCY: The safe use of pancuronium bromide has not 
been established with respect to the possible adverse effects upon fetal 
development. Therefore, it should not be used in women of childbearing 
potential and particularly during early pregnancy unless in the judgment 
of the physician the potential benefits outweigh the unknown hazards. 
Pavulon may be used in operative obstetrics (Cesarean section), but 
reversal of pancuronium may be unsatisfactory in patients receiving 
magnesium sulfate for toxemia of pregnancy, because magnesium salts 
enhance neuromuscular blockade. Dosage should usually be reduced, 
as indicated, in such cases. 
PRECAUTIONS: Although Pavulon has been used successfully in many 
patients with pre-existing pulmonary, hepatic, or renal disease, caution 
should be exercised in these situations. This is particularly true of renal 
disease since a major portion of administered Pavulon is excreted 
unchanged in the urine. 


ADVERSE REACTIONS: Neuromuscular: the most frequently noted 
adverse reactions consist primarily of an extension of the drug's pharma- 
cological actions beyond the time period needed for surgery and 
anesthesia. This may vary from skeletal muscle weakness to profound 
and prolonged skeletal muscle relaxation resulting in respiratory insuffi- 
ciency or apnea. Inadequate reversal of the neuromuscular blockade by 
anticholinesterase agents has also been observed with Pavulon (pan- 
curonium bromide) as with all curariform drugs. These adverse reactions 
are managed by manual or mechanical ventilation until recovery is 
judged adequate. 

Cardiovascular: A slight increase in pulse rate is frequently noted. 

Gastrointestinal: Salivation is sometimes noted during very light anes- 
thesia, especially if no anticholinergic premedication is used. 

Skin: An occasional transient rash is noted accompanying the use of 
Pavulon. 

Respiratory: One case of wheezing, responding to deepening of the 

inhalational anesthetic, has been reported. 
DRUG INTERACTION: The intensity of blockade and duration of action 
of Pavalon is increased in patients receiving potent volatile inhalational 
anesthetics such as halothane, diethyl ether, enflurane and methoxy- 
flurane. 

Prior administration of succinylcholine, such as that used for endo- 

tracheal intubation, enhances the relaxant effect of Pavulon and the 
duration of action. If succinylcholine is used before Pavulon, the admin- 
istration of Pavulon should be delayed until the succinylcholine shows 
signs of wearing off. 
DOSAGE AND ADMINISTRATION: Pavulon should be administered only 
by or under the supervision of experienced clinicians. DOSAGE MUST 
BE INDIVIDUALIZED IN EACH CASE. See package insert for suggested 
dosages. 


CAUTION: Federal law prohibits dispensing without prescription. 


Reference: 
1. Stanley and Liu, Anesth Analg 56:669, 1977 


Organon Pharmaceuticals 
. A Division of Organon Inc. 
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3645 Warrensville Center Road 
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Please change my mail address for ANESTHESIA and 
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your Journal is now addressed. 


To—(New Address) 


Street Address 


City, State, Zip Code 


Print Your Name 


THERMODILUTION CARDIAC THERMODILUTION 
OUTPUT COMPUTER CATHETERS 


Injectate Lumen 
des DECRE COR Thermistor, 
MODEL 5 cm proximal — X \ 
3500E 


Latest bedside Ne. FEN 
cardiac output. e x. \ ] 
computer monitoring j ‘ Markings. 2: 


technology 1% ‘cc Balloon 





aig Inflated 
W every 10 cm Nea fe Balloon 
MODEL Th 2rmistor i CVP— i 
Cornections Proximal » 
3501 ` E dus 
a Distal oe 


Companion auto- 
matic recorder for 
thermodilution curve 


Thermistor 











Features: 
Features: 

e ACCURATE cardiac outputs e AUTOMATIC body and | | 

— adult and pediatric ranges injectate temperatures e Convenient and complete e Tapered tip — pressure fidelity 
e SIMPLE pushbutton e AUTOMATIC thermal curve Sterile packaging and introduction i 

operation recording e Frecalibrated and e Thermistor located inside J 
e ADJUSTABLE test e CHOICE of injectate volume Mterchangeable curve — prevents P. A. wall contact 

calibration and temperature e adult, pediatric and direct e Balloon protection shield 

e SERVICEABLE — interchangeable circuitry Flacement sizes 


For Additional Information, contact Ross Linnemann 
KMA, INC. 
150 Coolidge Avenee 


Watertown, Massac usetts 01172 
(800) 225-3080 
imc In Mass. call: (617) *26-6151 


PHILLIPS 


LARYNGOSCOPE BLADES 
Now Two Sizes 
Adult and Pediatric 


The Phillips Blade by North American Drager combines into one blade : 
many features of the Jackson-Eversole Blade and the Miller Blade. The light of the 
Phillips Blade is on the left side to afford excellent visualization of the Larynx and 
allows room for passing a tube along the blade for difficult intubations. 













LA 



























The Adult Blade has been found 
adequate for the largest adults en- 
countered; the small tip, in addition 
makes it adaptable for use in children as 
small as 2 or 3 years of age. The 
Pediatric Blade is a replica of the Adult 
Blade that has been reduced in all 
aspects of shape and size, including 
thickness of the metal. It can be used in 


NORTH AMERICAN DRAGER patients from newborn to about 4 years 
148B QUARRY ROAD, TELFORD, PA 18969 of age. 
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As an aid 
to induction, 


innovar IN ECTION® 


droperidol/fentanyl 


can help 


è 
P E " CC EIE m | 


È 
Committed to research... 
because so much remains to be done. 


22 
JANSSEN PHARMACEUTICA INC. 


501 George Street. New Brunswick. N.J. 08903 


© Janssen Pharmaceutica Inc. 1980 JPI-011 Please see Prescribing Information on last two pages of tis advertisement 





e Establish a foundation of 
tranquility and analgesia 


Smooth :ntubation 
Minimize the need for thiopental 


e Foster a smooth and 


uneventful intraoperative 


Course 
Provide zn anesthetic baseline 
Promote zardiovascular Stability 


@ Maintain a quiet 
and less troublesome 
postoperative period 
Reduce tle incidence of nausea and vomiting 
Minimize the need for postoperative analgesics 
Provide tranquilization and tolerance 
of discomiort 


Innovar (droperidol/fentanyl) injection (t 
proven by a decade of worldwide ex perience 





Adequate analgesia with 


Sublimaze INJECTION* 


(fentanyl) 


can help suppress 
surgical stress 


2.0 ml INNOVAR* 3.0 ml SUBLIMAZE" 10 ml SUBLIMAZE® 





£ 





Administered following induction, 3-5 ml 

of SUBLIMAZE® (fentanyl) injection € will: 

m provide profound analgesia 

B minimize catecholamine release 

E lay a foundation for a smooth 
intraoperative course 


Used as needed during surgery, 
SUBLIMAZES?* offers controllable analgesia: 
E rapid onset 

Bi short duration of action* 

= rapid reversibility by 


narcotic antagonists* 
® analgesic action carries over into 
postoperative period* 


"The respiratory depressant effect of Sublimaze* (fentanyl) injection @ 
may last longer than the analgesic effect. 


Please see Prescribing Information on following pages 














1.0 ml SUBLIMAZE" 
c5) JANSSEN PHARMACEUTICA INC. 
501 George Street, New Brunswick, N. J. 08903 
8-45 7:00 9:15 9:30 
Il 
Zema 
| m4 
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Innovar" injection Cr 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 










The two components of INNOVAR injection, fentanyl and droperidol, have different pharmacologic 
actions. Before administering INNOVAR injection, the user should familiarize himself with me 
special properties of each drug. particularly the widely differing durations of action. 


DESCRIPTION: Each ml. contains (in a 1:50 ratio): 
Fentany! EEEE EST TT aiii ENEE A ETS, 0.05-mg 
as the citrate 

Warning: May be habit forming 
Droperidol MEM" . 2.5mg. 
Lactic acid for adjustment of pH to 3.5 + 0.3 
ACTIONS: INNOVAR injection is a combination drug containing a narcotic analgesic, fentanyl, and a 
neuroleptic (major tranquilizer), droperidol. The combined effect, sometimes referred to as neurolep- 
tanalgesia, is characterized by general quiescence, reduced motor activity, and profound analgesia; 
complete loss of ipee ora usually does not occur from use of INNOVAR injection alone The 
incidence of early postoperative pain and emesis may be reduced. 
A. Fentanyl is a narcotic analgesic with actions qualitatively similar to those of morphine and meperi- 
dine. Fentanyl in a dose of 0.1 mg. (2.0 ml.) is approximately equivalent in analgesic activity to 19 mg. 
of morphine or 75 mg. of meperidine. The principal actions of therapeutic value are analgesia and seda- 
tion. Alterations in respiratory rate and alveolar ventilation, associated with narcotic analgesics, may last 
longer than the analgesic effect. As the dose of narcotic is increased, the decrease in pulmonary exchange 
becomes greater. Large doses may produce apnea. Fentanyl appears to have less emetic activity than 
other narcotic analgesics. Histamine assays, and skin wheal testing in man, as well as in vivo testing in 
dogs indicate that histamine release rarely occurs with fentanyl. 
Fentanyl may cause muscle rigidity, particularly involving the muscles of respiration.It may also produce 
other signs and symptoms characteristic of narcotic analgesics including euphoria, miosis, bradycardia, 
and bronchoconstriction. 
The onset of action of fentanyl is almost immediate when the drug is given intravenously; howe ver max- 
imal analgesic and respiratory depressant effect may not be noted for several minutes. The usual duration 
of action of the analgesic effect is 30 to 60 minutes after a single 1. V. dose of up to 0.1 mg. Follewing 
intramuscular administration, the onset of action is from seven to eight minutes, and the duratien of 
action is from one to two hours. 
As with longer-acting narcotic analgesics, the duration of the respiratory depressant effect of 
SUBLIMAZE (fentanyl) may be longer than the analgesic effect. The following observations have been 
reported concerning altered respiratory response to CO» stimulation following administration of femtanyl 
to man: 
I. DIMINISHED SENSITIVITY TO CO: STIMULATION MAY PERSIST LONGER THAN 
DEPRESSION OF RESPIRATORY RATE. Fentanyl frequently slows the respiratory rate but this effect 
is seldom noted for over 30 minutes regardless of the dose administered. 
2. Duration and degree of respiratory depression is dose related. 
3. The peak respiratory depressant effect of a single intravenous dose of fentanyl is noted 5 to 15 minutes 
following injection. 
4. Altered sensitivity to CO» stimulation has been demonstrated for up to four hours following a single 
intravenous dose of 0.6 mg. (12 ml.) fentanyl to healthy volunteers. 
See also WARNINGS and PRECAUTIONS concerning respiratory depression. 


B. Droperidol produces marked tranquilization and sedation. It also produces an antiemetic effect as 
evidenced by the antagonism of apomorphine in dogs. It potentiates other CNS depressants. it also 
produces mild alpha-adrenergic blockade, peripheral vascular dilatation and reduction of the pressor 
effect of epinephrine. Droperidol can produce hypotension and decreased peripheral vascular resisiance. 
It may decrease pulmonary arterial pressure (particularly if it is abnormally high). It may reduce the 
incidence of epinephrine-induced arrhythmias but it does not prevent other cardiac arrhythmias. The 
onset of action is from three to ten minutes following intravenous or intramuscular administration. The 
full effect, however, may not be apparent for 30 minutes. The duration of the sedative and tranquilizing 
effects generally is two to four hours. Alteration of consciousness may persist as long as 12 hours. This is 
in contrast to the much shorter duration of fentanyl. 

INDICATIONS: INNOVAR injection is indicated to produce tranquilization and analgesia for surgical 
and diagnostic procedures. It may be used as an anesthetic premedication, for the induction of anesthesia, 
and as an adjunct in the maintenance of general and regional anesthesia. If the supplementation of 
analgesia is necessary, SUBLIMAZE® (fentanyl) injection alone rather than the combination drug 
INNOVAR injection, should usually be used; see Dosage and Administration Section. 
CONTRAINDICATIONS: INNOVAR injection is contraindicated in patients with known intolerance 
to either component. 

WARNINGS: AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED 
INNOVAR INJECTION SHOULD HAVE APPROPRIATE SURVEILLANCE. RESUSCIT3TI VE 
EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO MAN- 
AGE APNEA. 

See also discussion of narcotic antagonists in PRECAUTIONS and O VERDOSAGE. 

FLUIDS AND OTHER COUNTERMEASURES TO MANAGE HYPOTENSION SHOULD AL5O BE 
AVAILABLE. 

The respiratory depressant effect of narcotics persists longer than the measured analgesic effect. When 
used with INNOVAR injection, the total dose of all narcotic analgesics administered should be consid- 
ered by the practitioner before ordering narcotic analgesics during recovery from anesthesia. It ts rec- 
ommended that narcotics, when required, be used in reduced doses initially, as low as 'À 10 V those 
usually recommended. 

INNOVAR injection may cause muscle rigidity, particularly involving the muscles of respiratior. This 
effect is due to the fentanyl component and is related to the speed of injection. Its incidence an be 
reduced by the use of slow intravenous injection. Once the effect occurs, it is managed by the use of 
assisted or controlled respiration and, if necessary, by a neuromuscular blocking agent compatible with 
the patient's condition. 

Drug Dependence: Fentanyl, the narcotic analgesic component, can produce drug dependence of the 
morphine type and therefore has the potential for being abused. 

Severe and unpredictable potentiation bys MAO inhibitors has been reported with narcotic analgesics. 
Since the safety of fentanyl in this regard has not been established, the use of INNOVAR injection or 
SUBLIMAZE (fentanyl) in patients who have received MAO inhibitors within 14 days is not recom- 
mended. 

Head Injuries and Increased Intracranial Pressure: INNOVAR injection should be used with castion in 
patients who may be particularly susceptible to respiratory depression such as comatose patieris who 
may have @head injury or brain tumor. In addition, INNOVAR injection may obscure the clinicabcourse 
of patients with head injury. 

Usage in Children: The safety of INNOVAR injection in children younger than two years of age ^as not 
been established. 

Usage in MNT: The safe use of INNOVAR injection has not been established with respect te possi- 
ble adverse effects upon fetal development. Therefore, it should be used in women of childbearing poten- 
tial only when, in the judgment of the physician, the potential benefits outweigh the possible hazards. 
There are insufficient data regarding placental transfer and fetal effects; therefore, safety for the infant in 
obstetrics has not been established. 

PRECAUTIONS: The initial dose of INNOVAR injection should be appropriately reduced in elderly, 
debilitated and other poor-risk patients. The effect of the initial dose should be considered in determining 
incremental doses. 

Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetizs, can 
alter respiration by blocking intercostal nerves, and can cause peripheral vasodilation and hypotension 
because of sympathetic blockade. Through other mechanisms (see Actions), fentanyl and droperi«ol also 
depress respiration and blood pressure. Therefore, when INNOVAR injection is used to supplement these 
forms of anesthesia, the anesthetist must be familiar with the physiological alterations involved. and be 
prepared to manage them in the patients selected for this form of anesthesia. 

If hypotension occurs, the possibility of hypovolemia should be considered and managed with appropri- 
ate parenteral fluid therapy. Repositioning the patient to improve venous return to the heart sheuld be 
considered when operative conditions permit. It should be noted that in spinal and peridural anesthesia, 
tilting the patient into a head down position may result in a higher level of anesthesia than is desirible, as 
well as impair venous return to the heart. Care should be exercised in the moving and positicning of 
patients because of a possibility of orthostatic hypotension. If volume expansion with fluids ples these 
other countermeasures do not correct the hypotension, then the administration of pressor agents other 
than epinephrine should be considered. Epinephrine may paradoxically decrease the blood pressure in 
patients treated with INNOVAR injection due to the alpha-adrenergic blocking action of droperido . 


The droperidol component of INNOVAR injection may decrease pulmonary arterial pressure. This fact 
should be considered by those who conduct diagnostic or surgical procedures where interpretation of pul- 
monary arterial pressure measurements might determine final management of the patient. 

Vital signs should be monitored routinely. 


INNOVAR injection, and SUBLIMAZE (fentanyl), should be used with caution in patients with chronic 
obstructive pulmonary disease. patients with decreased respiratory reserve, and others with potentially 
compromised ventilation In such patients narcotics may additionally decrease respiratory drive and 
increase airway resistance. During anesthesia this can be managed by assisted or controlled respiration. 
Postoperative respiratory depression caused by narcotic analgesics can be reversed by narcotic antago- 
nists. Appropriate surveillance should be maintained because the duration of respiratory depression of 
doses of fentanyl (as SUBLIMAZE (fentanyl) or INNOVAR) employed during anesthesia may be longer 
than the duration of the narcotic antagonist action. Consult individual prescribing information (levallor- 
phan, nalorphine and naloxone) before employing narcotic antagonists. 

Should respiration be compromised by muscle rigidity, assisted or controlled respiration and possibly a 
neuromuscular blocking agent will be required. The occurrence of muscle rigidity is related to the speed 
of intravenous injection and the incidence can be reduced by slow intravenous injection. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and general anesthetics) have 
additive or potentiating effects with INNOVAR injection. When patients have received such drugs, the 
dose of INNOVAR injection required will be less than usual. Likewise, following the administration of 
INNOVAR injection, the dose of other CNS depressant drugs should be reduced. 

INNOVAR injection should be administered with caution to patients with liver and kidney dysfunction 
because of the importance of these organs in the metabolism and excretion of drugs. 

The fentanyl component may produce bradycardia, which may be treated with atropine, however, 
INNOVAR injection should be used with caution in patients with cardiac bradyarrhythmias. 

When the EEG is used for postoperative monitoring, it may be found that the EEG pattern returns to nor- 
mal slowly. 

ADVERSE REACTIONS: The most common serious adverse reactions reported to occur with 
INNOVAR injection are respiratory depression, apnea. muscular rigidity, and hypotension, if these 
remain untreated, respiratory arrest. circulatory depression or cardiac arrest could occur. 

Extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have been observed following 
administration of INNOVAR injection. Restlessness, hyperactivity and anxiety which can be either the 
result of inadequate tranquilization or part of the symptom complex of akathisia may occur. When 
extrapyramidal symptoms occur, they can usually be controlled with anti- Parkinson agents. 

Elevated blood pressure, with and without preexisting hypertension, has been reported following admin- 
istration of INNOVAR injection. This might be due to unexplained alterations of sympathetic activity fol- 
lowing large doses; however. it is also frequently attributed to anesthetic or surgical stimulation during 
light anesthesia. 

Other adverse reactions that have been reported are dizziness, chills and/or shivering, twitching, blurred 
vision, laryngospasm, bronchospasm, bradycardia, tachycardia, nausea and emesis, diaphoresis, 
emergence delirium, and postoperative hallucinatory episodes (sometimes associated with transient 
periods of mental depression). 

Postoperative drowsiness is also frequently reported. 

DOSAGE AND ADMINISTRATION: Dosage should be individualized. Some of the factors to be con- 
sidered in determining dose are age, body weight, physical status, underlying pathological condition, use 
of other drugs, the type of anesthesia to be used, and the surgicai procedure involved. 

Vital signs should be monitored routinely. 

Most patients who have received INNOVAR injection do not require narcotic analgesics during the 
immediate postoperative period. It is recommended that narcotic analgesics, when required, be used ini- 
tially in reduced doses, as low as ' to '^ those usually recommended. 

Usual Adult Dosage: 

I. Premedication—{to be appropriately modified in the elderly, debilitated, and those who have received 
other depressant drugs)—0.5 to 2.0 ml. may be administered intramuscularly 45 to 60 minutes prior to 
surgery with or without atropine. 

Il. Adjunct to General Anesthesia—Induction—\ ml. per 20 to 25 pounds of body weight,may be 
administered slowly intravenously. Smaller doses may be adequate. 

The total amount of INNOVAR injection administered should be carefully titrated to obtain the desired 
effect based on the individual patient's response. 

There are several methods of administration of INNOVAR injection for induction of anesthesia. 

A. Intravenous injection— To allow for the variable needs of patients INNOVAR injection may be 
administered intravenously in fractional pats of the calculated dose. With the onset of somnolence, the 
general anesthetic may be administered. 

B. Intravenous drip—10 ml. of INNOVAR injection are added to 250 ml. of 5% dextrose in water and 
the drip given rapidly until the onset of somnolence. At that time, the drip may be either slowed or 
stopped and the general anesthetic administered. 

Maintenance —INNOVAR injection is not indicated as the sole agent for the maintenance of surgical 
anesthesia. It is customarily used in combination with other measures such as nitrous oxide-oxygen, 
other inhalation anesthetics, and/or topical or regional anesthesia. 

To prevent the possibility of excessive accumulation of the relatively long-acting droperidol component, 
SUBLIMAZE (fentanyl) alone should be used in increments of 0.025 to 0.05 mg. (0.5 to 1.0 ml.) for the 
maintenance of analgesia in patients initially given INNOVAR injection as an adjunct to general anesthe- 
sia. (Sce SUBLIMAZE (fentanyl) package insert for additional prescribing information.) However, in 
prolonged operations, additional 0.5 to 1.0 ml. amounts of INNOVAR injection may be administered 
with caution intravenously if changes in the patient's condition indicate lightening of tranquilization and 
analgesia. 

HL. Use Without a General Anesthetic in Diagnostic Procedures — Administer the usual l.M. premedica- 
tion (0.5 to 2.0 ml.) 45 to 60 minutes before the procedure. To prevent the possibility of excessive 
accumulation of the relatively long-acting droperidol component. SUBLIMAZE (fentanyl) alone should 
be used in increments of 0.025 to 0.05 mg. (0.5 to 1.0 ml.) for the maintenance of analgesia in patients 
initially given INNOVAR injection. (See SUBLIMAZE (fentanyl) package insert for additional informa- 
tion). However, in prolonged operations, additional 0.5 to 1.0 ml. amounts of INNOVAR injection may 
be administered with caution intravenously if changes in the patient's condition indicate lightening of 
tranquilization and analgesia. 

Note: When INNOVAR injection is used in certain procedures such as bronchoscopy, appropriate topical 
anesthesia is still necessary. 

IV. Adjunct to Regional Anesthesia —1 to 2 ml. may be administered intramuscularly or slowly 
intravenously when additional sedation and analgesia are required. 


Usual Children's Dosage: 

I. Premedication —0.25 ml. per 20 Ibs. body weight administered intramuscularly 45 to 60 minutes prior 
to surgery with or without atropine. 

IL. Adjunct to General Anesthesia —The total combined dose for induction and maintenance averages 0.5 
ml. per 20 Ibs. body weight. Following induction with INNOVAR injection, SUBLIMAZE (fentanyl) 
alone in a dose of '⁄ to 4 that recommended in the adult dosage section should usually be used when 
indicated to avoid the possibility of excessive accumulation of droperidol. However, in prolonged opera- 
tions, additional increments of INNOVAX injection may be administered with caution when changes in 
the patient's condition indicate lightening of tranquilization and analgesia. 


See Warnings and Precautions for use of INNOVAR injection with other CNS depressants, and in 
patients with altered response. 

OVERDOSAGE: Manifestations: The manifestations of INNOVAR injection overdosage are an exten- 
sion of its pharmacologic actions. 

Treatment: |n the presence of hypoventilation or apnea, oxygen should be administered and respiration 
should be assisted or controlled as indicated. A patent airway must be maintained; an oropharyngeal 
airway or endotracheal tube might be indicated. If depressed respiration is associated with muscular 
rigidity, an intravenous neuromuscular blocking agent might be required to facilitate assisted or con- 
trolled respiration. The patient should be carefully observed for 24 hours; body warmth and adequate 
fluid intake should be maintained. If hypotension occurs and is severe or persists, the possibility of 
hypovolemia should be considered and managed with appropriate parenteral fluid therapy. A specific nar- 
cotic antagonist such as nalorphine, levallorphan or naloxone should be available for use as indicated to 
manage respiratory depression caused by the narcotic component fentanyl. This does not preclude the use 
of more immediate counter-measures. The duration of respiratory depression following overdose of fen- 
tanyl may be longer than the duration of narcotic antagonist action. Consult the package inserts of the 
individual narcotic antagonists for details about use. 

HOW SUPPLIED: INNOVAR® injection is supplied in 2 ml. and 5 ml. ampuls, in packages of 10. 
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Sublimaze (fentanyl) injection 6 & 


DESCRIPTION: Each ml. contains: 


HEN sdreceRFEF ga RI Ri s VAL GLEIC „ade 0.05 mg. 


Warning: May be habit forming. 
Sodium hydroxide for adjustment of pH to 4.0-7.5. 
FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
ACTIONS: SUBLIMAZE (fentanyl) is a narcotic analgesic with actions qualitatively similar to those of 
morphine and meperidine. SUBLIMAZE (fentanyl) in a dose of 0.1 mg. (2.0 ml.) is approximately 
equivalent in analgesic activity to 10 mg. of morphine or 75 mg. of meperidine. The principal actions of 


increased, the decrease in pulmonary exchange becomes greater. Large doses may produce apnea. 
SUBLIMAZE (fentanyl) appears to have less emetic activity than other narcotic analgesics. Histamine 
assays and skin wheal testing in man, as well as in in vivo testing in dogs, indicate that histamine release 
rarely occurs with SUBLIMAZE (fentanyl). 

SUBLIMAZE (fentanyl) may cause muscle rigidity, particularly involving the muscles of respiration. It 
may also produce other signs and symptoms characteristic of narcotic analgesics including euphoria, 
miosis, bradycardia, and bronchoconstriction. 

The onset of action of SUBLIMAZE (fentanyl) is almost immediate when the drug is given intraven- 


|. DIMINISHED SENSITIVITY TO CO; STIMULATION MAY PERSIST LONGER THAN 

DEPRESSION OF RESPIRATORY RATE. Fentanyl frequently slows the respiratory rate, but this 

effect is seldom noted for over 30 minutes regardless of the dose administered. 

2. Duration and degree of respiratory depression is dose related. 

3. The peak respiratory depressant effect of a single intravenous dose of fentanyl is noted 5 to 15 minutes 

following injection. 

4. Altered sensitivity to CO» stimulation has been demonstrated for up to four hours following a single 

intravenous dose of 0.6 mg. (12 ml.) fentanyl to healthy volunteers. 

See also WARNINGS and PRECAUTIONS concerning respiratory depression. 

INDICATIONS: SUBLIMAZE (fentanyl) is indicated: ; 

—for analgesic action of short duration during the anesthetic periods, premedication, induction, and 
maintenance, and in the immediate post-operative period (recovery room) as the need arises. 

— for use as a narcotic analgesic supplement in general or regional anesthesia. 

—for administration with a neuroleptic such as /NAPS/NE* (droperidol) injection as an anesthetic 
premedication, for the induction of anesthesia and as an adjunct in the maintenance of general and 
regional anesthesia. 

CONTRAINDICATIONS: SUBLIMAZE (fentanyl) is contraindicated in patients with known intoler- 

ance to the drug. 

WARNINGS: AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED 

SUBLIMAZE (FENTANYL) SHOULD HAVE APPROPRIATE SURVEILLANCE. RESUSCITA- 

TIVE EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO 

MANAGE APNEA. 

See also discussion of narcotic antagonists in Precautions and Overdosage. 

If SUBLIMAZE (fentanyl) is administered with a tranquilizer such as /NAPS/NE (droperidol), the user 

should familiarize himself with the Special properties of each drug, particularly the widely differing dura- 

tions of action. In addition, when such a combination is used fluids and other countermeasures to 


As with other potent narcotics, the respiratory depressant effect of SUBLIMAZE (fentanyl) persists 
longer than the measured analgesic effect. The total dose of all narcotic analgesics administered should 
be considered bv the practitioner before ordering narcotic analgesics during recovery from anesthesia. 
It is recommended that narcotics. when required, should be used in reduced doses initially, as low as “% 
to ^ those usually recommended. SU BLIMAZE (fentanyl) may cause muscle rigidity. particularly 
involving the muscles of respiration. The effect is related to the speed of injection and its incidence can 
be reduced by the use of slow intravenous injection. Once the effect occurs, it is managed by the use of 
assisted or controlled respiration and, if necessary, by a neuromuscular blocking agent compatible with 
the patient's condition. 

Drug Dependence: SUBLIMAZE (fentanyl) can produce drug dependence of the morphine type and 
therefore has the potential for being abused. 

Severe and unpredictable potentiation by MAO inhibitors has been reported with narcotic analgesics. 
Since the safety of fentanyl in this regard has not been established, the use of SUBLIMAZE (fentanyl) in 
patients who have received MAO inhibitors within 14 days is not recommended. 


clinical course of patients with head injury. 

Usage in Children: The safety of SUBLIMAZE (fentanyl) in children younger than two years of age has 
not been established. 

Usage in Pregnancy: The safe use of SUBLIMAZE (fentanyl) has not been established with respect to 
possible adverse effects upon fetal development. Therefore, it should be used in women of childbearing 
potential only when, in the judgment of the physician, the potential benefits outweigh the possible haz- 
ards. There are insufficient data regarding placental transfer and fetal effects; therefore, safety for the 


PRECAUTIONS: The initial dose of SUBLIMAZE (fentanyl) should be appropriately reduced in 
elderly, debilitated and other poor-risk patients. The effect of the initial dose should be considered in 
determining incremental doses. 

Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetics, can 
alter respiration by blocking intercostal nerves. Through other mechanisms (see Actions) SUBLIMAZE 


SUBLIMAZE (fentanyl) should be used with caution in patients with chronic obstructive pulmonary 
disease, patients with decreased respiratory reserve, and others with potentially compromised respira- 


final management of the patient. 

Other CNS depressant drugs (e.g. barbiturates, tran uilizers, narcotics, and general anesthetics) will 
have additive or potentiating effects with SUBLIMAZE (fentanyl). When patients have received such 
drugs, the dose of SUBLIMAZE (fentanyl) required will be less than usual. Likewise, following the 
administration of SUBLIMAZE (fentanyl), the dose of other CNS depressant drugs should be reduced. 


SUBLIMAZE (fentanyl) should be administered with caution to patients with liver and kidney dysfunc- 
tion because of the importance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE (fentanyl) may produce bradycardia, which may be treated with atropine; however, 
SUBLIMAZE (fentanyl) should be used with caution in patients with cardiac bradyarrhythmias. 

When SUBLIMAZE (fentanyl) is used with a tranquilizer such as /NAPSINE (droperidol), hypotension 
can occur. If this occurs, the possibility of hypovolemia should be considered and managed with appro- 
priate parenteral fluid therapy. Repositioning the patient to improve venous return to the heart should be 
considered when operative conditions permit. Care should be exercised in moving and positioning of 
patients because of the possibility of orthostatic hypotension. If volume expansion with fluids plus other 
countermeasures do not correct hypotension, the administration of pressor agents other than epinephrine 


should be considered. Because of the alpha-adrenergic blocking action of /NAPSINE (droperidol), 
epinephmne may paradoxically decrease the b pressure in patients treated with /NAPSINE (droperi- 
dol). When /NAPSINE (droperidol) is used with SUBLIMAZE (fentanyl) and the EEG is used for post- 
operative monitoring, it may be found that the EEG pattern returns to normal slowly. 

ADVERSE REACTIONS: As with other narcotic analgesics, the most common serious adverse reac- 
tions reported to occur with SUBLIMAZE (fentanyl) are respiratory depression, apnea, muscular rigid- 


sodes (sometimes associated with transient periods of mental depression); extrapyramidal symptoms 
(dystonia, akathisia, and oculogyric crisis) have been observed up to 24 hours postoperatively. When 


DOSAGE AND ADMINISTRATION: Dosage should be individualized. Some of the factors to be con- 
sidered in determining the dose are age, body weight, physical status, underlying pathological condition, 
use of other drugs, type of anesthesia to be used, and the surgical procedure involved. 

Vital signs should be monitored routinely. 

Usual Adult Dosage: 

l. Premedication (to be appropriately modified in the elderly, debilitated, and those who have received 
other depressant drugs)—0.05 to 0.1 mg. (1 to 2 ml.) may be administered intramuscularly 30 to 60 


intravenously and may be repeated at 2 to 3 minute intervals until desired effect is achieved. A reduced 
dose as low as 0.025 to 0.05 mg. (0.5 to 1 ml.) is recommended in elderly and poor-risk patients. 
Maintenance —0.025 to 0.05 mg. (0.5 to 1 ml.) may be administered intravenously or intramuscularly 
when movement and/or changes in vital signs indicate surgical stress or lightening of analgesia. 


IIl. Adjunet to Regional Anesthesia—0.05 to 0.1 mg. (1 to 2 ml.) may be administered intramuscularly 
or slowly intravenously when additional analgesia is required. 

IV. Postoperatively (recovery room) —0.05 to 0.1 mg. (1 to 2 ml.) may be administered intramuscularly 
for the control of pain, tachypnea and emergence delirium. The dose may be repeated in one to two hours 


Usual Children's Dosage: For induction and maintenance in children two to 12 years of age, a reduced 
dose as low as 0.02 to 0.03 mg. (0.4 to 0.6 ml.) per 20 to 25 pounds is recommended. See Warnings and 
Precautions for use of SUBLIMAZE (fentanyl) with other CNS depressants, and in patients with altered 
response. 

OVERDOSAGE: Manifestations: The manifestations of SUBLIMAZE (fentanyl) overdosage are an 
extension of its pharmacologic actions. 

Treatment: In the presence of h poventilation or apnea, oxygen should be administered and respiration 
should be assisted or controlled. as indicated. A patent airway must be maintained: an oropharyngeal 
airway or endotracheal tube might be indicated. If depressed respiration is associated with muscular 
rigidity, an intravenous neuromuscular blocking agent might be required to facilitate assisted or con- 
trolled respiration. The patient should be carefully observed for 24 hours: body warmth and adequate 
fluid intake should be maintained. If hypotension occurs and is severe or persists, the possibility of 


narcotic antagonist action. Consult the package insert of the individual narcotic antagonists for details 
about use. 


HOW SUPPLIED: 2 ml. and 5 ml. ampuls— packages of 10. 
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Over 500 million administrations throughout the world. 
Well over 125 million administrations in the 
United States alone. 


Somewhere in the world— every two seconds— someon2 makes another decision 
"4€ touse FLUOTHANE® (halothane, U.S.P). And for good reasons: 


— 0 FLUOTHANE has been more widely investigated than any other 
= inhalation anesthetic. 






















wu Pes o The FLUOTHANE experience shc ws association with hepatotoxicity 
h?) 72 to be extremely rare! According `o conclusions drawn from the 
United States National Halothane Study and other studies,* unex- 
plained jaundice following anestaesia with halothane *.. was a rare 
occurrence (approximately 1:30,030 administrations) and... the over- 
all safety record of the anesthetic was excellent."? 





0 FLUOTHANE *..is nearest to the ideal [inhalation anesthetic] pres- 
ently available for children ofall ages.”* 


0 FLUOTHANE has been recommended as the “anesthetic of choice" 
Gr gsthimatiod — 0 t — —— 2 7 2 PM 


0 And, of particular benefit in geriatrics and cardiovascular surgery: 
Excessive respiratory depression is rarely ' a problem with 


FLUOTHANE. Nor does it produce an increase in salivary or 
bronchial secretions. 








“A comprehensive retrospective analysis covering 856,000 general anesthesiag— nearly one-third 
using FLUOTHANE. Bunker, J.P. et al.: The National Halothane Study. Washinston, D.C., 
Government Printing Office, 1969. 
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the most widely used inhalation 


anesthetic in the world 


FLUOTHANE 
(halothane, U.S.P) 


for a wide variety ot 


techniques and procedures in pd 


(Complete text of package circular.) 
Description. FLUOTHANE, brand of halo- 
thane, U.S.P, is an inhalation anesthetic. 
It is 2-bromo-2-chloro-1, 1, 1-trifluoro- 
ethane and has the following structural 
formula: Br 
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The specific gravity is 1.872-1.877 at 
20° C. and the boiling point (range) is 49° 
C—5]? C at 760 mm Hg. The vapor pres- 
sure is 243 mm Hg at 20* C. The blood/ 
gas coefficient is 2.5 at 37° C, and the 
olive oil/water coefficient is 220 at 37° C. 
Vapor concentrations within anesthetic 
range are nonirritating and have a pleas- 
ant odor. FLUOTHANE is nonflammable, 
and its vapors mixed with oxygen in pro- 
portions from 0.5 to 50 per cent (v/v) are 
not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
Rubber, some plastics, and similar mate- 
rials are soluble in FLUOTHANE; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stability 
of FLUOTHANE is maintained by the addi- 
tion of 0.01 per cent thymol (w/w), and 
storage is in amber colored bottles. 

FLUOTHANE should not be kept indef- 
initely in vaporizer bottles not specifically 
designed for its use. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, inetime, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE 
(halothane, U.S.P.) discarded. Accumula- 
tion of thymol may be removed by washing 
with diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid ahd depth of anesthesia can be rap- 
idly altered. FLUOTHANE progressively 
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tachypnea with reduced tidal volume and 
alveolar ventilation. FLUOTHANE is not an 
irritant to the respiratory tract, and no in- 
crease in salivary or bronchial secretions 
ordinarily occurs. Pharyngeal and laryn- 
geal reflexes are rapidly obtunded. It 
causes bronchodilation. Hypoxia, acido- 
sis, or apnea may develop during deep 
anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the bra- 
dycardia. FLUOTHANE does not cause 
the release of catecholamines from 
adrenergic stores. FLUOTHANE also 
causes dilation of the vessels of the skin 
and skeletal muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination may 
cause serious Cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle re- 
laxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane, 
U.S.P) is indicated for the induction and 
maintenance of general anesthesia. 
Contraindications. FLUOTHANE is not 
recommended for obstetrical anesthesia 
except when uterine relaxation is required. 
Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given to 
the use of other agents. 

FLUOTHANE should be used in vapor- 
izers that permit a reasonable approxima- 
tion of output, and preferably of the cali- 
brated type. The vaporizer should be 
placed out of circuit in closed circuit re- 
breathing systems; otherwise overdosage 
is difficult to avoid. The patient should be 
closely observed for signs of overdosage, 
i.e., depression of blood pressure, pulse 
rate, and ventilation, particularly during 
assisted or controlled ventilation. 
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Usage in Pregnancy. Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, the 
potential benefits outweigh the unknown 
hazards to the fetus. 

Precautions. The uterine relaxation ob- 
tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot de- 
rivatives and oxytocic posterior pituitary 
extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordinari- 
ly used to reduce cerebrospinal fluid pres- 
sure. Ventilation should be carefully as- 
sessed, and it may be necessary to assist 
or control ventilation to insure adequate 
oxygenation and carbon dioxide removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane, U.S.P) anesthe- 
sia since their simultaneous use may in- 
duce ventricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: mild, mod- 
erate and severe hepatic dysfunction 
(including hepatic necrosis), cardiac ar- 
rest, hypotension, respiratory arrest, 
cardiac arrhythmias, hyperpyrexia, shiver- 
ing, nausea, and emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125—Unit packages 
of 125 ml and 250 ml of halothane, U.S.P. 
stabilized with 0.01% thymol (w/w). 


Ayerst Laboratories 
e| New York, N.Y. 10017 
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Monitor the ins and the outs 
of ventilation. 


The new End-tidIL" 200 CO, Monitor gives you breath-by-breath 
analysis of expired CO, at cn affordable price. 


For over a decade, IL has been providing anes- IL, :he leading manufacturer of O; Monitors, 
thesiologists with products to monitor oxygen offers this quality CO, Monitor ata price that 
delivery. Now, the End-tidIL" 200 CO, Monitor mazes it affordable for every patient under 
provides a safeguard for proper ventilation. At anesthesia to be assured of proper ventilation. 
an introductory price of under $2000. Fora demonstration or further information, 
This new instrument monitors the patient's call IL toll-free: 800 225-4040 

expired % CO, on a continuous or peak value (800 342-8856 in MA) 

basis to indicate: Or write: 

* cardiac and pulmonary information 
* hypercapnia and hypocapnia 

* malfunction of the CO, absorber 

* air embolism 


The Critical Care Specialist... 
Instrumentation Laborotory Inc. 


í Sensorlab Division 
* disconnected or obstructed airway One Burtt Road 
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ORTICOID THERAPY IN 


CRITICAL £F 
GARE 


Pharmacologic doses of corticoids have been used in us 
the treatment of shock unresponsive to conventional therapy, 
if adrenocortical insufficiency exists or is suspected. 


Differences That Count 
Hexadrol' phosphate injection is easy to handle, store and administer. Already 
in solution, it can be used directly from the vial. Hexadrol has benzyl alcohol as a 
preservative and is stable at room temperature. 

The multi-dose vial minimizes waste. When used in pharmacologic doses, Hexadrol 
offers significant savings over methylprednisolone? 


*Based on average wholesale price listings in Drug Topics Red Book 1979. Actual prices paid by direct purchasers will vary by order size but are usually lower for Hexadrol. 


Hexadrol Phosphate Injection 
dexamethasone sodium phosphate injection USP 


BEFORE PRESCRIBING OR ADMINISTERING, PLEASE CON- 
SULT COMPLETE PRODUCT INFORMATION, A SUMMARY OF WHILE ON CORTICOSTEROID THERAPY PATIENTS SHOULD 
WHICH FOLLOWS: NOT BE VACCINATED AGAINST SMALLPOX. OTHER IMMUNI- 
ACTIONS—Glucocorticoids cause profound and varied metabolic ZATION PROCEDURES SHOULD NOT BE UNDERTAKEN IN 

effects. In addition, they modify the body's immune response to PATIENTS WHO ARE ON CORTICOSTEROIDS, ESPECIALLY 
diverse stimuli. IN HIGH DOSES BECAUSE OF POSSIBLE HAZARDS OF 
CONTRAINDICATIONS- Systemic fungal infections—Hyper- NEUROLOGICAL COMPLICATIONS AND LACK OF ANTI- 7 
sensitivity to any component. BODY RESPONSE. 
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All corticosteroids increase calcium excretion. 







WARNINGS-'In patients on corticosteriod therapy subjected 
to any unusual stress, increased dosage of rapidly acting cor- 
ticosteroids before, during and after the stressful situation is 


indicated. Corticosteroids may mask some signs of infection, 2e 


and new infections may appear during their use. There may 


The use of Hexadrol Phosphate Injection (dexamethasone 
sodium phosphate injection, USP) in active tuberculosis 
should be restricted to those cases of fulminating or dis- 
seminated tuberculosis in which the corticosteroid is used 
for the management of the disease in conjunction with an 


appropriate anti-tuberculosis regimen. 


be decreased resistance and inability to cance Bilson If corticosteroids are indicated in patients with latent 


when corticosteroids are used. Prolonged use of cortico- 





steroids may produce posterior subcapsular cataracts and "HEXADROL* tuberculosis or tuberculin bere close observation iS — * , 
glaucoma with possible damage to optic nerves and may I reo wasted gren — x we to wade = a oe 
enhance the establishment of secondary, fungal or viral muwwswsmm | PrO'Onge corticosteroid therapy, these patients shoul 

ocular infections. rr S chemoprophylaxis. we us 

Usage In Pregnancy. Since adequate human reproduc- AIL A eer. po ies ael s adi ji leri ave 

tion studies have not been done with corticosteroids, the uni ass P gP 


roid therapy, appropriate precautionary measures 
should be taken prior to administration, especially 
when the patient has a history of allergy to any drug. 


PRECAUTIONS—Drug-induced secondary adreno- 4 

mothers who have received substantial doses of corticoster- cortical insufficiency may be minimized by gradual reduc- 

oids during pregnancy should be carefully observed for tion of dosage. This type of relative insufficiency a, 

signs of hypoadrenalism. 100 mg persist for months after discontinuation of therapy; there- 
Average and large doses of cortisone or hydrocortisone can fore, in any situation of stress occurring during that period, 

cause elevation of blood pressure, salt and water retention, and hormone therapy should be reinstituted. Since mineralocorticoid 

increased excretion of potassium. These effects are less likely to secretion may be impaired, salt and/or a mineralocorticoid should 

occur with the synthetic derivatives except when used in large be administered concurrently. 

doses. Patients with stressed myocardium should be observed There is an enhanced effect of corticosteroids in patients with 

carefully and the drug administered slowly since premature ven- hypothyroidism and in those with cirrhosis. 

rinular contractions mav occur with rapid administration. Dietary l Corticosteroids should be used cautiously in patients with ocu- 


use of these drugs in pregnancy, nursing mothers or 
women of childbearing potential requires that the possible 
benefits of the drug be weighed against the potential haz- 
ards to the mother and embryo or fetus. Infants born of 
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The 
lowest possible 
dose of corticosteroid 
shouid be used to control the 
condition under treatment, and when 
reduction in dosage is possible, the reduction 
must be gradual. 

Psychic derangements may appear when corticosteroids 
are used ranging from euphoria, insomnia, mood Swings, person- 
ality changes, and severe depression to frank psychotic manifesta- 
tions. Also, existing emotional instability or psychotic tendencies 
may be aggravated by corticosteroids. 

Aspirin should be used cautiously in conjunction with cortico- 
sterotds in hypoprothrombinemia. 

Steroids should be used with caution in nonspecific ulcerative 
Colitis, if there is a probability of impending perforation, abscess or 
other pyogenic infection, also in diverticulitis, fresh intestinal anas- 
tomoses, active or latent peptic ulcer, renal insufficiency, hyperten- 
sion, osteoporosis, and myasthenia gravis. 

Growth and development of infants and children on prolonged 
corticosteroid therapy should be Carefully followed. 
= Intra-articular injection of a corticosteroid may produce Sys- 
temic as well as local effects. 

Appropriate examination of any joint fluid present is necessary 
to exclude a septic process. 

A marked increase in pain accompanied by local Swelling, fur- 
ther restriction of joint motion. fever, and malaise are suggestive of 
septic arthritis. If this complication occurs and the diagnosis of 
Sepsis is confirmed, approrpriate antimicrobial therapy should be 
instituted. 

Local injection of a steroid into a previously infected joint is to 

ə be avoided. Corticosteroids should not be injected into unstable 


Joints. 


ADVERSE REACTIONS— 

Fluid and electrolyte disturbances: Sodium retention; Fluid reten- 
tion; Congestive heart failure in susceptible patients; Potassium 
loss; Hypokalemic alkalosis; Hypertension. 


Musculoskeletal: Muscle weakness; Steroid myopathy; Loss of 
muscle mass; Osteoporosis: Vertebral compression fractures; 
Aseptic necrosis of femoral and humeral heads; Pathologic frac- 
ture of long bones. 


Gastrointestinal: Peptic ulcer with possible subsequent perfora- 
tion and hemorrhage; Pancreatis; Abdominal distention; Ulcerative 
esophagitis. 

Dermatologic: Impaired wound healing; Thin fragile skin: Pete- 
chiae and ecchymoses: Facial erythema; Increased sweating; May 
Suppress reactions to skin tests. 


Neurological: Convulsions; Increased intracranial pressure with 
papilledema (pseudotumor cerebri) usually after treatment: Ver- 
tigo; Headache. 


Endocrine: Menstrual irreaularities: Nevealanmant of uakis main 
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Suppression uno LZ 
of growth in ' De 
children; Secondary 
adrenocortical and pituitary 
unresponsiveness, particularly in times of stress, as in trauma, 
sugery, or illness; Decreased carbohydrate tolerance; Manifesta- 
tions of latent diabetes mellitus; Increased requirements for insulin 
or oral hypoglycemic agents in diabetics. 


Ophthalmic: Posterior subcapsular cataracts; Increased intraocu- 
lar pressure; Glaucoma: Exophthalmos. 


Metabolic: Negative nitrogen balance due to protein catabolism. 


Miscellaneous: Hyperpigmentation or hypopigmentation; Subcu- 
taneous and cutaneous atrophy; Sterile abscess: Postinjection 

f are, following intra-articular use; Charcot-like arthropathy; Itch- 
ing, burning, tingling in the ano-genital region. 

DOSAGE AND ADMINISTRATION—For treatment of unrespon- 
sive shock high pharmacologic doses of this product are currently 
recommended. Reported regimens range from 1 to 6 mg/kg of 
body weight as a single intravenous injection to 40 mg initially 
followed by repeat intravenous injection every 2 to 6 hours while 
Shock persists. 

DOSAGE REQUIREMENTS ARE VARIABLE AND MUST BE 
INDIVIDUALIZED ON THE BASIS OF THE DISEASE AND THE 
RESPONSE OF THE PATIENTS. 

CAUTION—Federal law prohibits dispensing without prescription. 
HOW SUPPLIED—5-cc (4 mg/cc) multiple dose vial, NDC #0052- 
0796-05; 1-cc (4mg/cc) vial, box of 25, NDC # 0052-0796-25: 
10-cc (10mg/cc) vial (for intravenous or intramuscular use only), 
NDC +00520-0797-10: 

1-cc (4mg* cc) Prefilled Disposable Syringe (for intravenous or -— 
intramuscular use only) NDC #0052-0796-26. 

Hexadrol is available in two potencies, 4mg/cc and 10mg/cc in 
aqueous solution with 1% benzyl alcohol as preservative. 


When You Need it... Hexadrol Has It! 


Organon Pharmaceuticals 
A Division of Organon Inc. 
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New self-regulating 
hygroscopic humidifier 
for anesthesia and intensive care 


The Servo Humidifier, a new unique hygroscopic humidifier, 
is capable of maintaining 80% r.h. at 37°C in the trachea of 
mechanically ventilated patients, receiving totally dry respira- 
tory gases. A conventional heat and moisture exchanger, will 
maintain only 55% at 37°C. — 

In most clinical applications the hygroscopic Servo Humi- 
difier replaces the conventional bubble type, reservoir 
humidifier, thus eliminating the need for an external water and 
electrical supply. 

The hygroscopic Servo Humidifier eliminates condensation 
in the patient tubing circuit and can be used with all mechanical 
ventilators and most anesthesia gas machines. 

Contact your local Servo Ventilator distributor for our 
fullcolor Servo Humidifier folder and further information or 
write directly to us. 
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| would like to have more information about the Servo Humidifier 


Name 


Hospital 
Address 


| 
| 
| 
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| 
| 
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SIEMENS-ELEMA 
Siemens-Elema Ventilator Systems 
1765. Commerce Drive, Elk Grove Village, Illinois 60007, Telephone: (312)981-4940 


For countries outside U.S.: 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
55th CONGRESS to be held MARCH 8-12, 1981 
* PEACHTREE PLAZA HOTEL, ATLANTA, GEORGIA 


CALL FOR PAPERS 


AUGUST 22, 1980 DEADLINE 





If you would like to submit a paper for consideration by the Program Committee, please note the deadline for 
submitting title and 300-word abstract is August 22, 1980. 


For official application form, please write or call: 
E. Paul Didier, M.D., Chairman 
Program Committee for 55th Congress 
c/o Department of Anesthesiology 
Mayo Clinic 
200 First Street, SW 
Rochester, Minnesota 55901 


Telephone: (507) 286-8766 


SCIENTIFIC EXHIBITS: Requests for applications for scientific exhibit space should be sent to: B. B. Sankey, M.D., 
International Anesthesia Research Society, 3645 Warrensville Center Rd., Cleveland, Ohio 44122. (Please note the 
above deadline does not apply to scientific space applications which can be accepted, on a space availability basis, up 
to December 31, 1980.) 


MARK YOUR CALENDAR NOW—PLAN TO ATTEND THIS IMPORTANT CONTINUING MEDICAL 


EDUCATION ACTIVITY 
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EDITORIAL 


Auditing of Anesthesia Performance 


MONG reasons that can be given for auditing 
anesthesia performance, two stand out: (1) to 
improve patient care, and (2) to satisfy the require- 
ments of the Joint Commission on Accreditation of 
Hospitals JCAH). Although we might prefer to be led 
by the altruistic rather than the pragmatic justifica- 
tion, the two are not mutually exclusive. In fact, the 
first is admirably served if the second is fulfilled. This 
is not to suggest that patient care will automatically 
improve if JCAH-style auditing is carried out; only 
that the Joint Commission requirements are not a bad 
place to begin. 

Recommendations of the JCAH for appraising an- 
esthesia services are found in the Accreditation Man- 
ual for Hospitals, where the general mandate for 
auditing is given: 


The quality of patient care shall be evaluated by members 
of the medical and other professional staffs directly respon- 
sible for patient care. Evidence of the quality of patient care 
provided in the hospital shall be demonstrated by measure- 
ment of actual care against specific criteria. These criteria 
must be established or adapted by the medical staff for 
evaluation of all physician-related care, and by nonphysi- 
cian health care professionals for evaluation of those aspects 
of care that they provide, Criteria must be explicit and 
measurable, and must reflect the optimal level of care that 
can be achieved through current medical and related health- 
science knowledge. 


Simply stated, we are required to compare the quality 

of care that we provide patients against a set of high 

standards that we must define for ourselves. 
Although no details governing the design of an 


audit are issued in the JCAH Manual, some broad © 


guidelines are presented: 


The evaluation activity shall be continuous and shall be 
comprehensive of the conditions and problems treated and 
the procedures performed. 


Auditing is clearly intended to be an ongoing surveil- 
lance of general performance and not just an occa- 
sional hard look at some small segment of anesthesia 
practice. Further advocacy of a global viewpoint lies 
in the recommendation that: 


The director of anesthesia services shall ensure that the 
work performed in the facility by all categories of personnel 
administering anesthesia is included in the retrospective 
care review. 


We are informed that, besides being comprehen- 
sive, the auditing process is to be dynamic: 


Evaluation criteria shall be revised and updated to reflect 
the findings of previous studies, new medical and heaith 
care knowledge, improvements in techniques, and scientific 
advances. 


Through systematic reappraisal, we are to keep our 
Written standards timely. 

That the Joint Commission's goals are praiseworthy 
is demonstrated by the demand that auditing be use- 
ful: 


_ If analysis indicates inappropriate patterns of patient care, 


action must be taken to correct problems.... To demon- 
strate that corrective action has been effective, follow-up 
studies must be completed. 


The feedback loop between the audit and the patient 
is to be closed. In contrast with many exercises in 
medical bureaucracy, auditing is intended ultimately 
t» benefit the patient. 

How we go about designing and conducting an 
audit is left to us. There are no specific rules, no 
established criteria for evaluation. We are to formu- 
late the standards and create the instrument through 
which these standards are employed to judge our 
practice. 

Because our mandate is so broadly defined, we 
must be resourceful to carry it out. It is not particu- 
larly difficult to select from our daily professional 
activities those processes that we consider essential to” 
good patient care, and to survey our preanesthetic, 
anesthetic, and postanesthetic records for evidence of 
compliance. More problematic, however, is the task 
of assessing outcome. Because there is no assurance 
that an optimal process will lead to a favorable out- 
come, we are explicitly directed by the JCAH to look 
at results: 


The quality of anesthesia care provided shall be measured 
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as part of the hospital’s patient care evaluation program, 
including participation in an acceptable outcome audit 
mechanism. 


The task of effective auditing is not easy, in part, 
because the science of auditing is young. Data are 
scarce, while the list of unanswered questions is long. 
"What process criteria are most tightly linked to poor 
outcome?" "How can anesthesia outcome be ade- 
quately measured?" “Can a satisfactory cost/benefit 
ratio for auditing be documented?” 

As in other fields of medicine, the art must be 
practiced while the science is being established and 


refined. Through a judicious combination of “prac- . 


tice" and research, improved methods for anesthetic 
auditing will certainly evolve. 

Until more data become available, the process audit 
is clearly a place to begin. With a modicum of reflec- 
tion, any conscientious anesthesiologist can develop 
a list of procedures essential to optimal anesthetic 
care. The criteria should include elements of pre- 
anesthetic evaluation and postanesthetic follow-up, as 
well as intraoperative anesthetic management. 
Through random selection of patient records for ret- 
rospective review, a comprehensive cross-section of 
anesthetic practice will be assured. 

Outcome can, to some extent, be audited by sub- 
jective evaluation of the postanesthetic note. (Absence 
of the note, of course, would constitute deficiency in 
process.) As objective methods for appraising out- 
come are established through research, more explicit 
auditing of outcome can be implemented. 
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Two aspects of feedback will contribute to im- 
proved patient care. First, each clinician involved with 
an audited anesthetic should receive a copy of the 
critique. Second, every anesthetic complication 
should be presented at a departmental meeting for 
analysis. An important goal of auditing is to help 
assure that all anesthetized patients, whether or not 
their records are audited, are evaluated for anesthetic 
complications. 

The Joint Commission on Accreditation does not 
specifically require anesthesiologists to carry out an- 
esthesia audits. It seems clear, however, that if we 
don’t, somebody else will. At the moment the choice 
is ours. We have the privilege of judging our own 
performance according to minimally restrictive guide- 
lines. (The audit should be comprehensive, continu- 
ous, dynamic, and beneficial to patients. It should 
assess outcome.) How effectively we discharge the 
auditor’s duties may determine how long we retain 
the privilege. 


Ronald A. Gabel, MD 

Assistant Professor of Anesthesia 
Department of Anesthesia 
Harvard Medical School 

Boston, Massachusetts 02115 
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Preextubation Ventilatory 
Measurements in Newborns and | 


Infants 


Kumar G. Belani, MB, BS,* Ian J. Gilmour, MD,7 R. Carter McComb, RRT;t 
Alan Williams, RRT,§ and Theodore R. Thompson, MD| 


BELANI, K. G., GILMOUR, |. J., McCome, R. C., WILLIAMS, A., AND THOMPSON, T. R.: Preextuba- 
tion ventilatory measurements in newborns and infants. Anesth Analg 59:467-472, 1980. 


Maximum inspiratory pressure, inspiratory capacity, and minute ventilation were measured in 
a group of infants prior to extubation to determine whether trese parameters predicted 
successful extubation. Data obtained suggested that maximum inspiratory pressure and inspi- 
ratory capacity more accurately assessed the patient's ability to tole-ate extubation than 
minute ventilation, pH, Pco,, or respiratory rate. A maximum inspiratery pressure of greater 
than 33 torr and an inspiratory capacity of greater than 150 ml/m^ vere predictive of suc- 


cessful. extubation. 


Key Words: ANESTHESIA, pediatric; VENTILATION, pediatric; INTLBATION, endotracheal. 


HE WEANING and extubation of mechanically 

ventilated patients has been a problem for phy- 
sicians since positive pressure ventilation became 
popular 20 years ago. This problem has been ad- 
dressed in adult patients by many investigators, and 
relatively clear-cut predictors of successful weaning 
and extubation have been obtained for this age 
group.’ In the pediatric age group, one study‘ sug- 
gested that such parameters as arterial blood gases are 
unreliable, and recently, several contradictory publi- 
cations have appeared regarding the use of inspiratory 
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capacity (IC), maximum inspiratory pressure (MIP), 
and minute ventilation (Vg) in the weaning and ex- 
tubation of infants” ê and newborns.’ We believe that 
our stucy will help to clarify the confusing results 
obtained in these studies. 


Methods 


During a 6-month period, orally intubated new- 
borns and infants admitted to the newborn intensive 
care unit (NICU) were studied prior to extubation. 
The study received approval from the Human Exper- 
imentaticn Committee; since the investigation in- 
volved tbe application of noninvasive minimal risk 
diagnosti- tests routinely used in the adult population, 
informed consent was not obtained. , 

Table 1 summarizes the characteristics of the 30 
patients studied; 20 had hyaline membrane disease, 
seven hac congenital heart disease, and three suffered 
from blocd aspiration, meconium aspiration, and per- 
inatal hypoxic ischemic encephalopathy, respectively. 
Tke mear gestational age estimated by the Dubowitz 
scoring? system was 35 weeks (range 27 to 42 weeks). 
Parents were intubated for a mean duration of 15 
days; on tne day of extubation mean age was 18 days, 
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TABLE 1 
Description of Patients Studied 
Sex 
Female 7 
Male 23 
Primary disease 
Hyaline membrane disease 20 
Congenital heart disease 7 
Other 3 
Gestational age (weeks) 27-42 (35)* 
Days intubated 2-120 (15)* 
On day of extubation 
Age (days) 2-120 (18)* 
Weight (9) 2204 + 1102T 


Surface area (m?) 0.169 + 0.0551 





* Range (mean). 
+ Mean + SD. 


mean weight was 2204 g (range 710 to 5500 g), and 
mean surface area was 0.169 m°. Muscle relaxants 
were discontinued at least 20 hours before extubation. 
Drugs being administered at the time of extubation 
included antibiotics (26 patients), phenobarbital (9 
patients) and aminophylline (8 patients). Four patients 
who were successfully extubated had received either 
morphine or meperidine within 6 to 23 hours prior to 
extubation. All patients had normal electrolyte status 
and satisfactory oxygen tensions with inspired oxygen 
fractions ranging between 0.21 to 0.40. They all re- 
ceived dexamethasone one-half hour prior to extu- 
bation and racemic epinephrine nebulization before 
and after extubation. 

The decision to extubate was made by the pediatric 
staff involved in the management of the patient and 
was based upon previously established criteria?" 
namely the clinical status of the patient, chest x-ray 
findings, blood gases, and Downes' score.? The latter 

-is a useful index used to quantitate respiratory dis- 
tress. With the exception of three successfully extu- 
bated patients who were on low rates of intermittent 
mandatory ventilation, all were breathing spontane- 
ously with 2 cm HO continuous positive airway 
pressure (CPAP) until extubated. 

Immediately prior to extubation blood gas tensions 

ewere measured using arterial or arterialized capillary 
specimens” in each patient, as were IC, Vz, and MIP. 
MIP was measured with a physiologic pressure trans- 
ducer (Bell and Howell, 4-32701, Pasadena, CA) con- 
nected in series with an amplifier and strip chart 
recorder (Siemens-Elema AB, Solna, Sweden (mino- 
gograf 34)). The transducer was adapted to fit the 
endotracheal tube by means of a "Y"-piece. During 
the measurement the open part of the Y was occluded 
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and the patient was allowed to inspire for three 
breaths from functional residual capacity. The maxi- 
mum negative pressure recorded during these three 
breaths was considered the MIP. This method is 
similar to that described by Greenhow’? in 1976 for 
use in adults. 

IC and Vg were measured by means of a pneumo- 
tachograph (#0 Fleisch, Dynasciences, Bluebell, PA) 
adapted to fit the endotracheal tube and connected in 
series with an electronic integrator (Siregnost FD-10, 
Siemens Aktiengesellschaft, Erlangen, West Ger- 
many) and a strip chart recorder. The system was 
standardized with an oiled graduated glass syringe. IC 
was measured after the initiation of crying by means 
of a toe-flick maneuver previously described by Suth- 
erland and Ratcliff.'^ The maximum volume inspired 
following the toe-flick was used as the IC. To measure 
Vz, the patient was allowed to achieve a steady state, 
defined as a constant respiratory rate with «5 
breaths/min fluctuation for three consecutive minutes 
prior to the measurement. Next, tidal volume (Vr) 
over 15 breaths was recorded. Finally, Vg was calcu- 
lated by multiplying mean Vr by the respiratory rate. 
The results of the MIP, IC, and Vg maneuvers were 
not communicated to the physicians involved in the 
decision to extubate. 

Extubated infants and newborns were followed for 
24 hours. They were considered successfully extu- 
bated if they neither were reintubated nor received 
nasopharyngeal CPAP (NCPAP) to forestall respira- 
tory failure within this period. Patients who required 
such support within this period were considered ex- 
tubation failures, unless support was for laryngeal 
stridor (one case). This case was not included in the 
study. Patients reintubated for nonobstructive venti- 
latory failure were restudied prior to extubation and 
the others were followed till weaned off NCPAP. 

The results obtained were expressed either as ab- 
solute values or values relative to body surface area. 
Body surface area was calculated by logarithmic com- 
putation of length and weight as suggested by Mc- 
Cloy.? Student's t-test (unpaired) was used to test for 
statistical significance of data between patients who 
were successfully and unsuccessfully extubated. Sim- 
ilarly, the relationship between two mutually depend- 
ent variables was estimated by calculating the coeffi- 
cient of correlation and linear régression. To check 
for a statistical significance between the difference in 
two slopes, the t value was obtained by comparing 
the difference to their standard errors; p « 0.05 was 
considered statistically significant. 
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Results 


During a 6-month period 31 studies were per- 
formed on 30 patients. The preextubation parameters 
are listed in Table 2; 26 of 31 infants were successfully 
extubated. These patients had a significantly greater 
MIP ( p « 0.01) than the unsuccessful patients (42 torr 
vs 24 torr). The IC was also significantly greater ( p 
< 0.001) in those successfully extubated, both abso- 


TABLE 2 


Comparison of Preextubation Weaning Parameters between 
Successful and Unsuccessful Extubations* 





Successful Unsuccessful 
Number 26 5 
Maximum inspiratory pres- 42 X 12 24 x 7} 
sure (torr) 

Inspiratory capacity 

Actual (ml) 34 i: 12 12 + 3f 

/m? (ml/m?) 189 x 45 108 + 321 
Minute ventilation (L/m?) 4.40 x 1.5 3.31 + 2.07 
pH 7.97 + 0.05 7.35 + 0.06 
Paco, (torr) 44.5 x7 45 +8 
Respiratory rate (/min) 62 X 18 61 x 10 


* Values are means x SD. 
t p< 0.01. 
ł p < 0.001. 


TABLE 3 
Description of Unsuccessful Extubations 


lutely 84 ml vs 12 ml) and relatively (189 ml/m? vs 
108 mi[4^m?). Mean Vg/m? was not significantly dif- 
ferent between the groups. Also there was no signif- 
icant d fference between the two groups in terms of 
pH, Paco, or respiratory rate. 

Table 3 summarizes the data on patients who failed 

extubat. on. All five patients were suffering from res- 
piratory distress syndrome and one had severe hy- 
poxic ischemic encephalopathy as well. One patient 
was reis tubated and four were placed on NCPAP. All 
patiente were subsequently weaned from ventilatory 
support The patient who was reintubated was studied 
again prior to successful extubation; MIP had in- 
creased from 17 to 36 torr, and IC from 67 to 140 ml/ 
m*. 
The 2atient who required reintubation demon- 
strated poor inspiration on the chest x-ray following 
the failed extubation. Another patient who failed 
extubation developed a transient partial right upper 
lobe colEpse after extubation. None of those success- 
fully extubated had significant chest x-ray abnormal- 
ities following extubation. 

One ratient was reintubated 5.5 hours following 
extubatien: because of laryngeal stridor. Measure- 
ments ptor to both the first (Ve = 5L/m? IC = 219 
ml/m?; MIP = 55 torr) and second (Vg = 5 L/m?; IC 





Preextubation measurements 





X : ] Maximum Inspiratory i : 
Patient Diagnosis Weight* inspira- capacity Minute "en- Reintubation or NCPAPt Reason 
tory pres- (189 + tilation (- .40 
sure (42 45) + 1.54 
+ 12)ł 
g torr ml/m* L/m* a e 

1 HMD§ 710 17 0.77 Reintubated (10 Respiratory dis- 
hours postextu- . tress 
bation) a 

2 HMD 865 30 130 2.2 NCPAP (3) (imme- Respiratory dis- 

diately postextu- tress (apnea) 

7 bation) 

3 HMD 1375 33 100 2.69 NCPAP (4) (imme- Respiratory dis- 
diately postextu- tress 
bation) 

4 HMD 740 20 150 5.63 NCPAP (3) (imme- Respiratory dis- * 
diately postextu- tress (apnea) 
bation 

95. HMD, hypoxic, 1890 20 5.63 NCPAP (3) (6 hours Respiratory dis- 

ischemic, en- postextubation) tress 
cephalopathy 





* On day of extubation. 
+ Mean x SD prior to successful extubation (Table 2). 


i NCPAP, nasopharyngeai continuous positive airway pressure. Figure in parc ntheses indicates pressure in centimeters of water. 


8 HMD, Hyaline membrane disease. 
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= 240 ml/m’; MIP = 50 torr) extubations exceeded 
the mean values in the successfully extubated group. 
In an attempt to relate patient size with the physical 
parameters measured, the correlation between surface 
area and each of the parameters, namely Ve, IC, and 
MIP, was determined in the successfully extubated 
group. Both Vg and IC correlated significantly with 
surface area (Figs 1 and 2) but MIP did not (Fig 3). 


Discussion 


In our study, infants successfully extubated had a 
mean MIP of 42 torr (55 cm H20), a value similar to 
that found by Shimada et al? in a slightly different 
patient population. This is higher than the reported 
adult mean value of 24 torr (33 cm H»O)? and is even 
more impressive when the highly compliant chest 


2 


Minute Ventilation (l/min) 





0 
005 O10 QS 020 025 030 035 


Surface Area (m?) 


Fig 1. Linear regression line showing significant correlation 
between surface area and minute ventilation of patients prior to 
successful extubation. 
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Fig 2. Linear regression line showing significant correlation 
between surface area and inspiratory capacity of babies suc- 
cessfully extubated. 
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Fe 3. Maximum inspiratory pressure (MIP) plotted against sur- 
face area in babies who were successfully extubated. Note wide 
scatter in data points. There was poor correlation between MIP 
and surface area. 


wall in young infants is considered. The patient ex- 
cluded from our study because of upper airway com- 
plications had more than minimal MIP and IC values 
prior to extubation. Thus, adequate parameters do 
not guarantee immunity from problems resulting 
from airway obstruction. , 

The ability to predict successful weaning and ex- 
tubation of a neonate is of more than theoretical 
interest. Complications of prolonged endotracheal in- 
tubation are frequent, especially in this age group,” 
and prolonged positive pressure ventilation may lead 
to barotrauma and increased diaphragmatic weakness 
and fatigability." Reliable predictors of successful 
weaning/extubation may allow earlier extubation and 
thus decrease the incidence and severity of these 
complications. Studies to assess this hypothesis are 
ongoing in our unit. 

Several studies support the use of similar weaning/ 
extubation criteria in infants? and children. However, 
a recent report’ suggests that these criteria are not 
applicable to newborns because of technical and me- 
chanical difficulties. Our rapidly responsive system 
permitted us to obtain accurate measurements of both 
MIP and IC in newborns. Another criticism of these 
criteria in infants is the difficulty arising from leaks 
around uncuffed endotracheal tubes. We feel that 
such leakage was minimal in our patients since during 
periods of controlled ventilation expired minute vol- 
ume exceeded 95% of inspired minute volume. 

Several authors’? have noted that MIP and IC are 
better predictors of successful extubation/weaning of 
adults than Vg, pH, Pco, or respiratory rate. It is 
intriguing to speculate why successful extubation was 
predicted better by parameters measuring strength 
than by those assessing gas exchange. In the pediatric 
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age group, Muller et al’” ° and Keens and coworkers” 
found relatively few fatigue-resistant fibers in the 
neonatal diaphragm and predicted that fatigue may, 
therefore, play a major role in neonatal ventilatory 
failure. Newborns are specially prone to muscle fa- 
tigue because the high compliance of the chest wall 
increases respiratory work, especially in the presence 
of pulmonary disease. Keens et al? used electromy- 
ography to demonstrate diaphragmatic fatigue before 
clinical signs of ventilatory failure became evident. It 
might be clinically useful if IC and MIP could be 
correlated with the electromyographic changes noted 
by Bryan's group to determine whether IC and MIP 
indirectly assess diaphragmatic fatigue. 

We explored several possibilities to ascertain why 
some patients did not tolerate extubation. First, since 
lung compliance is an expression of change in lung 
volume per unit change in pressure, we compared the 
correlation between MIP and IC in the successful and 
unsuccessful groups (Fig 4). Although the slopes of 
the linear regression lines were different (slope A = 
0.493, slope B — 0.227) the difference was not statis- 
tically significant, probably because of the small num- 
ber of failed extubations and the wide standard de- 
viations. However, the more positive slope of the 
successful group suggested that their lungs were more 
compliant. As noted above, decreased pulmonary 
compliance increases respiratory work more than ex- 
pected in infants because of excessive distortion of 
the chest wall. This increased work may not be tol- 
erated by weaker (fatigued?) subjects. 





10 
O Line A - successfu/ 

— £0 extubations 
E e Line B -unsuccessfu/ 
> 50 extubafions 
o 
a 40 
G 
Oo 
> 30 
2 
2g d 
7 
= 10 

0 

0 10 20 30 40 50 60 0 


. Maximum Inspiratory Pressure (torr) 
Fig 4. Linear regression lines showing correlation between 


maximum inspiratory pressure (MIP) and inspiratory capacity . 


(IC). Solid circles and dashed line B are data from babies who 
failed extubation. In contrast, open circles and line A are data 
from babies who were successfully extubated. Although there is 
no statistically significant difference in the slope (line A,b = 
0.493; line B,b = 0.227; p > 0.05) the more positive slope of 
line A suggests better lung compliance. 


TABLE 4 


Duraticn of Intubation and Results of Extubation in ` 
Newbo ns Weighing Less than 1500 Grams 


Number Duration of intubation* 
days 
c-uccesses 4 22413 - 
Failures 4 10+ 2tF 
‘otal 8 16 +7 
* Mean + SE. 
1p 0.01. 


390 O successful exfobat'ons 
e unsuccessful extubations 


300 
200 
200 


Inspiratory Capacity (ml/per m?) 





0 10 20 30 40 0 60 10 
Maximum Inspiratory Pressure (TORR) 


Fig 5. Plot of inspiratory capacity (IC) per square meter (ordi- 
nate) ard maximum inspiratory pressure (MIP; abscissa) in all 
patients. Solid circles represent unsuccessful extubations. Open 
circles ze data of babies who were successfully extubated. An 
MIP of >33 torr and on IC >150 ml/m*? are predictive of 
successl extubation. 


Two other factors that may have played a role in 
-ailed extubations were prematurity and curation of 
:ntubaton (Table 4). However, when infants weighing 
less then 1500 g were compared, we found equal 
numbers of successful and failed extubations. More 
detailec examination of our data revealed that MID, 
in contzast to IC, correlated poorly with surface area 
and was, therefore, not dependent upon size in this 
age group. This is in contrast to Shoults et al’ who 
found s gnificant differences in MIP in infants above 
and be.ow 30 weeks gestation. We are unable to 
explain the discrepancy other than to agree with 
Shoults and colleagues that their method of measure? 
ment may have been inadequate. Indirect support for 
the concept that size per se was not related to MIP 
came from work by Karlberg” in which trenspulmo- 
nary prcssures of a magnitude similar to those of our 
“succes:ful” group were generated during the first 
breath Ey otherwise healthy newborns of varying size 
and weisht. We examined the duration of intubation 


in the gsoup weighing less than 1500 g and found that 
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infants successfully extubated had been intubated 
twice as long as those who failed extubation (22 + 13 
days vs 10 + 2 days). This suggests that subclinical 
degrees of airway obstruction associated with endo- 
tracheal intubation did not adversely affect our re- 
sults. 

In conclusion, measurements of MIP, IC, and Vg in 
intubateel newborns and young infants prior to extu- 
bation suggest (Fig 5) that in this age group an MIP 
greater than 33 torr (45 cm H20) and an IC greater 
than 150 ml/m’ accurately predict successful extu- 
bation. 
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Epidural Narcotics for Postoperative 


Analgesia 


P. R. Bromage, MB, BS, FFARCS, FRCP(C)* Znrico Camporesi, MD,T and 


David Chestnut, MDt 


5 


BROMAGE, P. R., CAMPORESI, E., AND CHESTNUT, D.: Epidural narcotzs for postoperative 


analgesia. Anesth Analg 59:473-—-480, 1980. 


Epidural narcotic analgesia was assessed in 66 patients after surgery under epidural and light 
general anesthesia. Changes of forced expiratory volume in 1 secord (FEV,) were measured 
after upper abdominal or thoracic surgery in 41 patients, and comperisons were made with 
results in an additional 17 upper abdominal surgery patients who received general anesthesia 
and muscle relaxants followed by intravenous morphine for postoperative pain relief. Metha- 
done, 1.0 mg, hydromorphone, 1.0 mg, or morphine sulfate, 5 mg, v as administered epidu- 
rally and increments were repeated as necessary until satisfactory analgesia was reported, 
with the following results (mean + SD): intravenous morphine: latency 3 to 10 minutes, 
duration 3.1 + 1.6 hours; epidural methadone: latency 17.2 + 4 mimutes, duration 5.6 + 2.7 
hours; epidural hydromorphone : latency 22.5 + 6 minutes, duratior 9.8 + 5.5 hours; 
epidural morphine: latency 36 + 6 minutes, duration 16.4 + 7 hours. Duration of action was 
slightly longer after lower abdominal surgery. Addition of epinephrine 1/200,000 to the 
epidural narcotic solutions did not prolong duration. Narcotic requirements for satisfactory 
analgesia were approximately the same by the intravenous route as by the epidural! route and 
equivalent to 8.5 to 9 mg of morphine. FEV, was reduced to 36.8 + 13.2% of preoperative 
control values after general anesthesia and muscle relaxants and to 16 + 12% of control after 
epidural and general anesthesia. Intravenous morphine imprcved FE /, to 45.3 + 12% of 
control, whereas epidural narcotics and local anesthetics produced & greater increase of FEV, 
in the following amounts: epidural local anesthetic to 68.7 + 9.196 o control and epidural 
narcotics to 67.1 + 14.7% of control. Epidural narcotics did not cause sympathetic depres- 
sion or bladder dysfunction, and analgesia was segmental. We concLide that epidural narcot- 
ics in adequate dosage are an effective means for production of prolonged and segmental 


postoperative analgesia. 


Key Words: ANESTHETIC TECHNIQUES: epidural, narcotics; ANALGESICS: epidural; PAIN, postoperative. 


ECENT studies have shown that narcotic drugs 
produce an unusually intense, prolonged and 


segmental analgesic action when injected into the. 


spinal subarachnoid or extradural space of animals 
t 

and man.'* These observations stemmed from earlier 

laboratory investigations into the site of action of 
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morphire and morphinomimetic substances on the 
spinal curd and brain stem. Several groups of inves- 
tigators working independently showed that while 
morphire did not depress proprioceptive pathways in 
the dorsal horn of the spinal cord, it did exert a 
profound and selective depressing action on nocicep-e 
tive patFways in Rexed's laminae 1, 2, and 5 of the 
dorsal horn." Autoradiographic studies confirmed 
that abuadant opiate receptors exist in the substantia 
gelatinosa of the dorsal horn, and especially in lami- 
nae 1 ard 2 These important studies have raised 
hopes of a new way to exploit narcotic analgesics by 
selective spinal analgesia without the risk of apprecia- 
ble respi-atory or autonomic depression. 


ANESTHESIA AND ANALGESIA 
Vol 59, No 7, July 1989 


473 


EPIDURAL NARCOTICS 


We report the analgesic efficacy of three narcotics, 
methadone, hydromorphone (Dilaudid) and mor- 
phine, when injected into the spinal epidural space of 
a man after abdominal, perineal, or thoracic surgery. 
We set out to answer five questions: (1) How good is 
the analgesia produced by epidural narcotics? (2) How 
well does the analgesia improve postoperative respi- 
ratory fenction compared to other methods for ob- 
taining anaigesia? (3) Is one narcotic better than an- 
other when injected epidurally? (4) Does the addition 
of epinephrine increase duration of action of epidural 
narcotics? (5) Are epidural narcotics a safe and prac- 
tical means for providing effective postoperative an- 
algesia? 


Methods and Materials 


Postoperative pain relief was studied in 84 patients 
undergoing abdominal, perineal, or thoracic surgery 
(Table 1). This study was approved by the Duke 
University Medical Center Committee for Clinical 
Investigations, and all patients gave informed consent. 
Ages ranged from 22 to 84 years. The operative site 


TABLE 1 


Operative Site and Postoperative Analgesic Regimen in 84 
Patients 


Analgesic Regimen 


Intrave- 
nous mor- 
phine (in- 
cremental 

doses) 


Operative site Épidural 


opiates 


Upper abdomen 

Biliary (cholecystectomy, cholecys- 12 11 
tojejunostomy, etc) 

Gastric (gastrectomy and/or vagot- 13 4 
omy, gastric plication for morbid 
obesity) 

Intestinal (colectomy, etc) 12 1 

Resection abdomina! aneurysm 1 1 

Thoracotomy (lobectomy, Heller's 3 
procedure, thoracoabdominal ne- 
phrectomy) 


Total 


$e 
— 


a7 


Tower abdomen 
Hysterectomy, tubal resection 
Marshall-Marchetti operation 
Nephroureterolithotomy 
Pelvic lymphadenectomy 
Radical perineal prostatectomy 
Low colonic resection 
Cesarean section 
inguinal herniorrhaphy 


Total 


ON ft ea AN GR 


M 
e 


ANESTHESIA AND ANALGESIA 
Vol 59, No 7, July 1980 


474 


was lower abdominal in 26 patients (mean age 41.4 
+ 13.9 SD), upper abdominal in 55, and thoracic in 3 
(54.1 + 15.9 years). Operative anesthesia was pro- 
vided in 67 patients by continuous epidural analgesia. 
In most of these 67 patients, light endotracheal anes- 
thesia was given in addition to the epidural block, 
endotracheal intubation being facilitated by transtra- 
cheal injection of 4 ml of lidocaine 4% and a sleep 
dose of thiopental. No neuromuscular relaxants were 
used at any time when epidural anesthesia was used. 
Twelve patients with lower abdominal procedures 
elected to remain awake during operation under epi- 
dural anesthesia. No supplementary narcotics were 
given during operation. An additional 17 patients 
aged 50.0 + 15.9 years, undergoing upper abdominal 
surgery had general anesthesia with nitrous oxide and 
0.5% halothane or 1% enflurane and muscle relaxants, 
followed by one or more doses of intravenous mor- 
phine for postoperative analgesia when pain became 
severe. Increments of 2.5 mg of morphine sulfate were 
given intravenously at intervals of 15 to 20 minutes 
until the patients became as comfortable as possible 
without overt respiratory depression. These patients 
served as a control group receiving intravenous anal- 
gesia. 


Patient Grouping: Epidural Series 


The 67 patients receiving epidural analgesia were 
divided into two groups. Group 1 included 26 patients 
undergoing lower abdominal or perineal surgery; each 
received segmental epidural analgesia at L2-3 or L3- 
4 interspace, using 2% lidocaine with 1/300,000 to 1/ 
200,000 epinephrine. Postoperative analgesia was pro- 
vided by one or more epidural injections of narcotic 
as required when pain became severe. Group 2 in- 
cluded 41 patients (average age 56.3 + 15.1 years) 
undergoing upper abdominal or thoracic surgery; 
each received segmental epidural analgesia at T9-12 
with 2% lidocaine and 1/300,000 to 1/200,000 epi- 
nephrine, combined with light endotracheal general 
anesthesia. One patient who had a thoracotomy re- 
ceived the injection at T3-4. In 15 of these patients, 
postoperative analgesia was initially provided by ep- 
idural lidocaine 1.5% or chloroprocaine 3%. Later, 
when pain recurred, further analgesia was provided 
by one or more epidural injections of narcotic, as 
required. The remaining 25 patients who had upper 
abdominal surgery received only epidural narcotics 
for relief of postoperative pain. 


Assessment of Postoperative Analgesia 


1, Subjective Pain Relief. Onset of analgesia was 
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assessed by direct questioning of the patient after 
administration of the analgesic. Duration of analgesia 
was recorded as the time interval from the last ad- 
ministration of an analgesic until the patient required 
additional pain relief. 

2. Objective Respiratory Function. Forced expira- 
tory volume in one second (FEV;) was used as the 
index of respiratory capability after upper abdominal 
or thoracic surgery. Spirograms were obtained with a 
9-L recording Collins spirometer at a paper speed of 
32 mm/sec. Results were expressed numerically as a 
percentage of the preoperative control FEV}. Patients 
were coached before operation in both slow vital 
capacity maneuvers and in forced expiratory efforts 
and were exhorted loudly and forcibly to exert their 
greatest efforts in all subsequent FEV; measurements. 
All readings were made in a semireclining position, 
using a tight-fitting face mask. Several runs of three 
to fcur forced expirations were recorded and the best 
reading was selected. Measurements of FEV, were 
made at the following times: (1) before operation after 
premedication with diazepam and atropine, (2) ap- 
proximately 20 minutes after operation and again 60 
to 150 minutes after operation when pain was severe 
but before administration of any postoperative anal- 
gesic, (3) after an analgesic had been administered 
and when pain relief appeared to have reached its 
maximum, and (4) after a second and sometimes a 
third injection of an analgesic had been given, if the 
intensity of pain required further analgesic medica- 
tion. 


Epidural Narcotics 


Epidural narcotics were diluted in preservative-free 
physiologic saline to a volume equal to the volume of 
local anesthetic that had been required to produce 
effective segmental analgesia during operation. This 
volume varied between 8 ml and 20 ml depending on 
the operative site and the age of the patient. Our 
choice of epidural narcotics was based on earlier 
algesimetry experiments in volunteers.* The drugs 
and initial doses tested were: (1) methadone HCI, 5 
mg; (2) hydromorphone -HCl, 1 mg; (3) morphine 
sulfate, 5 mg, each in plain solution or with epineph- 
rine 1/200,000. Incremental fractions of these doses 
were added as required to produce satisfactory pain 
relief. 


Objective Sensory Changes 


Pin-prick and pin-scratch were used to determine 
whether a sensory level was established after epidural 
narcotic administration. 


Results 


Postoperative Pain 


FEV measurements were spoiled by technical 
problems of ill-fitting face masks in two cases. Ac- 
curate ZEV, measurements were obtained in all other 
upper abdominal or thoracic patients. The onset of 
postoperative pain was accompanied by increasing 
distres: and by a severe restriction of FEV,. Pain 
reached its limits of tolerance between 45 and 150 
minutes after general anesthesia and muscle relaxants, 
at which time analgesia was required. The patients 
who received epidural anesthesia were pain-free at 
the end of operation, but when analgesia regressed, 
the pan appeared to advance more forcefully and 
more aoruptly than in patients who received general 
anesthesia and muscle relaxants. However, in spite of 
signs o^ greater subjective distress, objective respira- 


. tory function in terms of FEV, was less profoundly 


affected in patients who received epidural anesthesia 
than in patients who received general anesthesia, as 
can be seen by the greater sparing of FEV; shown in 
Table = and Fig 1. This difference of 9.1% between 
the twc groups is statistically significant (0.025 « p 
« 0.05. A possible relationship between age and 
postoperative depression of FEV, was sought because 
of the cifference of 6 years between the muscle relax- 
ant anc epidural groups. An inverse linear relation- 
ship be-ween age and depressior: of FEV, was found 
in the epidural group, but the correlation was weak, 
(r = —8&3) as shown in Table 2, and insufficient to 
influen: e a comparison between the three groups. 


Postoperative Analgesia 


Pain Xelief. Intravenous morphine produced satis- 
factory analgesia but usually required injection of 


TABLE £: 


Correlation of Age with Depression of FEV, after Upper 
Abdomirai Surgery Performed with General Anesthesia (GA) 
plus Muscle Relaxants or Epidural Anesthesia with General 
Anesthesia (mean + SD) 


Anest etic n Average Average depres- dius 
age sion of FEV, ficient tr) 
96 
GA + muscle 17 850-416 63.2 +13.2* —0.02ł 
relaxar sS 
Epidural nal- 36 56415 54.06 £ 12.0°* —0.3ł 


gesia + GA 


* Ştatstically significant depression of FEV,: t = 2.41; 0.02 
<p<0.6. 
T Not —tatistically significant. 
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three doses of 2.5 mg of morphine sulfate. Occasion- 
ally a fourth or even a sixth dose was necessary up to 
a total of 15 mg before the patient reported satisfac- 
tory analgesia. The average cumulative intravenous 
dose required to provide postoperative analgesia was 
8.5 mg of morphine. Pain relief following intravenous 
morphine lasted an average of 3.1 + 1.6 hours (Table 
3j. 


90 LV. Epidural Epidural 
Morphine Ls Narcotic 
80 
[C] Poin 
70 Analgesia 


cn 
c 


A 
e, 


°/a of Preoperative FEV, 
an 
ce 


30 


n=17 n=15 n= 4l 
Fig 1. FEV, values as percent of preoperative values after 
upper abdominal! surgery, prior to and after relief of pain with 
intravenous morphine, epidural local anesthetic, and epidural 
narcotic (means + SD). 


Pad 


Complete 


The latencies for epidural narcotics that we ob- 
served are outlined in Table 3, where it can be seen 
that methadone had the most rapid onset of action. 
Onset of action of epidural morphine sulfate was 
particularly slow, and in several cases 45 minutes 
passed before the patients reported satisfactory relief. 
This slow rate of onset is in accord with the long 
latency reported after intrathecal injection of mor- 
phine in man.? In some patients a second dose of 
epidural narcotic was needed to give acceptable an- 
algesia. Addition of 1/200,000 epinephrine to the 
epidural narcotic did not affect latency of onset. 

The amcunt of epidural narcotic needed to relieve 
pain was not related to body weight nor were the 
dose requirements markedly different in upper and 
lower abdominal surgery (Table 4). Furthermore, 
there was no appreciable difference between the 
equivalent dose requirements of the three different 
narcotics, if hydromorphone is assumed to be about 
seven times more potent than morphine or metha- 
done. The average amount of epidural narcotic re- 
quired for satisfactory postoperative analgesia was 
equivalent to approximately 8 to 10 mg of morphine. 

Wide differences were observed in duration of 
analgesia provided by epidural narcotics, as defined 
by the time from establishment of satisfactory pain 
relief until the patient requested additional analgesic 
medication (Table 3). Epinephrine 1/200,000 did not 
prolong the analgesic action of the epidural narcotics. 
Duration of analgesia was slightly greater after oper- 
ations on the lower abdomen than after upper abdom- 
inal surgery, but the difference was not statistically 
significant. Pooled data for duration of analgesia in 
patients having upper abdominal surgery showed that 


Duration 
Pooled 
Upper abdomi- Lower abdomi- ; 
a&b, plain and 
nal (a) nal (b) a&b epinephrine 
solutions 
hr 
3.1 X 1.6 — 3.t 4: 1.6 
6.2 + 3.9 927 7.2 4+ 4.6 
4.7 X1 — 4.7 X 1 | D E 
+ + + 
9.7 4 5.2 13.5 + 5.5 11.4 + 5.5 | 119458 
10 + 6.4 16.5 + 9.2 12.6 + 7.4 
16.1 + 8.1 19,5 €* 5 18.1 + 6.8 | 
Ss 
169+62 166+86 16.8 4 6.6 Inpegr 
1,5 +05 


TABLE 3 
Latency and Duration of Action of Postoperative Analgesics (mean + SD) 
Latency 
Drug . n 
Onset 
; min 
Intravenous morphine 17 3 10 
Epidurat opiates 
Methadone 6 12542 
Methadcne + epinephrine 5 12+83 
Hydromorphone 14 1344 
Hydromorphone + epinephrine 5. 12723 
Morphine sulfate 24 23:5 +6 
Morphine sulfate + epinephrine 13 22+3 
Epidural local anesthetics 
Lidocaine and chloroprocaine 15 3 TO 
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TABLE 4 

Epidural Narcotic Requirements for Satisfactory 
Postoperative Analgesia; Comparison of Methadone, 
Hydromorphone (Dilaudid), and Morphine Sulfate in 66 
Cases (mean + SD) 





Upper abdominal sur- Lower abdominal sur- 





Drug gery gery 
n Dose n Dose 
mg mg 
Methadone 9 8.6 +2 2 8.75 4 3.5 
Hydromorphone 11. 25 0.5 8 1.22 +0.5 
Morohine 21 10.3 + 2.5 15 7.6 X 2.1 


methadone had a short duration of 5.6 + 2.7 hours, 
comparable to the duration of intrathecal administra- 
tion reported in cats.’ Hydromorphone had a some- 
what longer duration of action, 9.8 + 5.5 hours; 
morphine had the longest, with a mean duration of 
16.4 + 7 hours. 

Analgesia from epidural narcotics appears to be 
segmental in distribution, and in the majority of 
patients an upper and lower dermatome level of 
hypalgesia to pin-scratch could be detected, as we had 
found in our study of volunteers. * Unexpected respi- 
ratory depression was not encountered in patients 
receiving epidural narcotics. However, two patients 
with severe chronic obstructive pulmonary disease 
and chronic hypercarbia did require ventilatory as- 
sistance for some hours, one after thoracotomy and 
lobectomy, the other after transverse colectomy. In 
both cases postoperative respiratory incompetence 
was expected and planned for, but it was decided to 
give the patients a trial of epidural narcotics with 
spontaneous respiration and to revert to endotracheal 
intubation and ventilator management only if indi- 
. cated by changes in arterial blood gas tensions. The 
latter course proved to be necessary for a period of 
about 12 hours in each case. The patients were alert 
and relatively pain-free from their epidural morphine, 
and it appeared that their respiratory decompensation 
was due to a combination of preexisting pulmonary 
disease combined with incomplete segmental analge- 
sia, rather than to central respiratory depression from 
the ep:dural narcotic. 

Respiratory Performance (FEV ,). Onset of analgesia 
was accompanied by improved respiratory perform- 
ance (Figs 1 and 2). The range of improvement of 
FEV, varied widely both between and within groups 
of patients. Intravenous narcotics performed least 
well, increasing FEV, to an average level of only 44.5 
+ 12.8% of preoperative control. FEV; also varied 
widely in the 41 upper abdominal surgery patients 


receivirg epidural narcotics, but the overall perform- 
ance was superior with a restoration of FEV; to a 
mean cf 67.1 + 14.7% of preoperative control for all 
three narcotics tested. There were slight and insignif- 
icant d fferences between the degrees of respiratory 
restora&on afforded by the three test drugs. Metha- 
done restored FEV; to 67.9 + 11.5% of preoperative 
control; hydromorphone and morphine achieved 67.5 
+ 16.4% and 66.6 + 15.7%, respectively. 

The most consistent improvement of FEV, was 
found in the 15 patients in whom the effects of local 
anesthecic segmental block were compared sequen- 
tially wth an epidural narcotic (Fig 2). Reinstitution 
of local anesthetic blockade restored FEV, to 68.7 + 
9.2% oi preoperative control. This value was not 
significently different from the pooled results of all 
the epicural narcotics for upper abdominal pain. 


Postopecative Mobility and Early Ambulation 


Patierts receiving intravenous narcotics tended to 
be sleepy and to avoid spontaneous movement. None 
were ab e to walk within 6 hours of operation. 

Satisfuctory segmental epidural block with local 
anesthetic resulted in the most mobile and alert pa- 
tients, who performed deep brea:hing and leg exer- 
cises effectively and without complaint. Several of 
these patents asked to get up and walk in the recovery 


Epidural 


P eoperolive Epidural í 
Narcotic 


Control Local 
0 Anesthetic 


% Change of FEV, 





~~ PAIN 


PAIN 


Fig 2. Sejai changes of FEV, in 15 patients after upper ab- 
dominal surgery under epidural analgesia and light general 
anesthesia during pain, segmental epidural local anesthetic 
block, and =pidural narcotic. 
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room within 2 hours of upper abdominal surgery. In 
all patients who were ambulatory with postoperative 
local anesthetic blockade, great care was taken to 
counteract the potential hypotensive effect of sym- 
pathetic block by adequate intravenous fluid infusion 
and by the judicious use of small doses of vasopressor, 
if required. 

The qualities of mobility and alertness were some- 
what less impressive after epidural narcotics. These 
patients were willing to move about in bed, and some 
of the patients walked freely in the wards and corri- 
dors immediately after a short stay in the recovery 
room, although they tended to be a little more slug- 
gish than the patients given local anesthetic segmental 
block. However, in terms of mobility, the outstanding 
advantage of the epidural narcotics lay in their free- 
dom from orthostatic hypotension since sympathetic 
blockade did not occur; in addition, bladder contro] 
was unimpaired. On the other hand, epidural narcot- 
ics did not prove effective in controlling reactive 
hypertension after major vascular surgery, and other 
means of sympathetic control had to be employed. 


Untoward Reactions 


One 40-year-old woman weighing 148 kg com- 
plained of generalized itching after receiving epidural 
morphine with 1/200,000 epinephrine. She had un- 
dergone gastric plication for mobid obesity and a total 
of 15 mg of epidural morphine was given in hourly 
increments of 5 mg in 20 ml of preservative-free 
saline. No urticaria appeared, and the itching subsided 
spontaneously about 30 minutes later without treat- 
ment. Analgesia was excellent and lasted 9 hours, 
when a final increment of 5 mg of morphine without 
epinephrine was given epidurally. Itching did not 
recur, and no further analgesics were required. 


Discussion 


New analgesic techniques should be assessed in 
terms of their ability to meet two principal aims. First, 
to relieve pain, and second, to free the patient from 
reflex motor inhibition, especially inhibition of res- 
piratory movement. In this study, analgesia was meas- 
ured in terms of relief of postoperative pain, while 
measurements of FEV, were used to assess respiratory 
performance. Accurate assessment of postoperative 
respiratory function is fraught with difficulty, both 
technical and methodologic, and the greater the com- 
plexity of measurement the more the opportunity for 
inaccuracy and misinterpretation of results. In the 
past, serial measurements of vital capacity have been 
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used extensively as a simple, quick, and reliable bed- 
side method for assessing postoperative respiratory 
performance.’ ? However, since vital capacity mea- 
sures volume change independently of time, it is a 
less rigorous test than FEV;. We chose FEV; as a 
simple yet more demanding test, requiring greater 
expiratory effort than vital capacity. | 

We were surprised to find that FEV, was more 
significantly restricted after general anesthesia and: 
relaxants than after regression of epidural anesthesia, 
for this seemed at variance with the intense subjective 
pain that developed after epidural analgesia wore off. 
The 9.1% difference in FEV, between the two groups 
(Table 2) may be related to lingering residual effects 
of muscle relaxants or conversely to subliminal resid- 
ual epidural analgesia, but these suggestions are spec- 
ulative and further work is needed to clarify this 
point. The degree of restoration of FEV| after narcotic 
administration depends on whether one views the 
base from which it is elevated, that is the level of FEV; 
with pain, or whether one considers the closeness 
with which it approaches the preoperative control 
level. Fig 1 emphasizes that the pain nadir is related 
to the anesthetic technique used. Upper abdominal 
pain after general anesthesia and muscle relaxants 
caused a profound depression of FEV;, whereas pain 
after epidural analgesia caused significantly less de- 
pression, and this base may change with time. The 
point at issue is not the base from which FEV, rises 
but the zenith to which it is elevated by an analgesic 
intervention. The mean elevation of FEV, to 44.5% of 
control by an analgesic dose of intravenous morphine 
is trivial compared with the elevation to 64% to 70% 
of control conferred by epidural narcotic or local 
anesthetic blockade. 

While the effects of the epidural narcotics were 
impressive, our findings fell short of earlier reports in 
some respects. For example, the latency of analgesia 
was disappointingly slow in contrast to the rapid 
onset of 2 to 3 minutes with epidural morphine 
reported by Behar and colleagues in patients suffering 
from chronic pain.” In no instance did we find any 
appreciable relief of pain in less than 5 minutes, even 
with methadone. Patients receiving epidural mor- 
phine sulfate often complained about the slow onset 
of pain relief, and in some cases satisfactory analgesia 
was not established for nearly 50 minutes. Also, acute 
postoperative pain appears to demand higher doses 
of narcotic than chronic pain. We could not duplicate 
the observation of Behar that 2 mg of epidural mor- 
phine provides effective analgesia. In every case we 
found that at least 5 mg of morphine or its equipotent 
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equivalent of methadone or hydromorphone was 
needed to relieve severe abdominal pain, and in some 
cases the dose had to be increased to 10 mg or even 
15 mg before relief was satisfactory and before FEV; 
attained its best postoperative level. 

In contrast to intravenous narcotic administration, 
central depressant effects of epidural narcotics were 
less pronounced, and patients cooperated more en- 


thusiastically in their spirometry measurements. The - 


quality and rapid onset of analgesia associated with 
epidural methadone were particularly gratifying in 
this small series, but the duration was correspond- 
ingly short (Table 3), and a second epidural dose 
using morphine was usually needed to provide effec- 
tive overnight relief. 

Neither latency nor duration were affected by the 
addition of 1/200,000 epinephrine to the narcotic 
solutions. Age was also without any significant effect 
on the results. There was a slight tendency for FEV; 
to be more restricted by postoperative pain in the 
young than in the old, but the association was statis- 
tically weak, with a correlation coefficient of —0.3 as 
shown in Table 2 (p > 0.05). Postoperative narcotic 
requirements have been reported to be lower in the 
old than in the young however, in this series nar- 
cotic dose requirements and analgesic restoration of 
FEV, were not influenced by age. The standard devia- 
tions of the means in Fig 1 show that local anesthetic 
epidural blockade restored respiratory function more 
predictably than the epidural narcotics. In some cases 
the results of epidural narcotics were superior to the 
epidural local anesthetics, but in others respiratory 
performance was inferior (Fig 2). This suggests that 
the more dependable results of intermittent local 
anesthetic epidural block might be preferable in cer- 
tain circumstances, especially when assurance of good 
respiratory function is crucial, as in severe pulmonary 
disease. 

The safety of any analgesic system lies in the width 
of the margin between the positive effects of pain 
relief and restoration of function on the one hand, 
and the negative effects of respiratory depression on 
the other. The margin is narrow with systemic nar- 
cotics, as shown by the poor restoration of FEV; in 
the 17 patients receiving incremental doses of intra- 
venous morphine. 

The functional improvement of postoperative FEV, 
obtained by epidural local anesthetic or epidural nar- 
cotic was more than twice as effective as intravenous 
morphine in this series, and at first sight the margin 
of safety of the epidural route seems correspondingly 
greater. However, there are theoretical constraints to 


the epidural approach, and the pharmacokinetics of 
epidural narcotics is still too poorly understood to 
allow anything but a cautious approach to their use. 
The constraints surrounding an epidural local anes- 
thetic are relatively simple. Afferent impulses, includ- 
ing nociceptive stimuli, are blocked at the level of the 
spinal roots and the periphery of the cord” '* without 
direct central depression, and respiratory funetion is 
well restored after upper abdominal surgery, provided 
motor blockade is insignificant. However, respiratory 
function may be dangerously impaired if motor block 
is profound and if the segmental level of blockade 
extends to the upper cervical region. This complica- 
tion is exceedingly rare when local anesthetic dose 
and concentration are correctly chosen. 

The epidural narcotics are more complicated in 
their mode of action and unwanted side effects are 
likely to be more subtle. At this time we have no 
satisfactory explanation for the single case of pruritus 
after a cumulative epidural dose of 15 mg of mor- 
phine. However, localized itching about the nose and 
face is not uncommon after intravenous morphine, 
and it is usually attributed to the effects of histamine 
release. Epidural narcotics appear co exert their main 
effects at nociceptive synapses in laminae 1, 2, and 5 
after diffusion into the cerebrospinal fluid? and up- 
take into the substantia gelatinosa of the dorsal horn.” 
In addition, an unknown portion of the drug gains 
access to the respiratory center by the blood stream 
after absorption through the epidural venous plexus. 
Finally, excessive diffusion into cerebrospinal fluid 
may allow significant quantities of narcotic to reach 
the fourth ventricle by cephalad subarachnoid spread, 
and then direct depression of respiratory centers may 
occur. The kinetics of these pathways has not yet 
been determined, and the potential for accidental 
respiratory depression may be subject to variables 
that are not yet fully understood. Although we did 
not encounter any clinical instance of unexpected 
respiratory depression in our 66 cases of epidural 
narcotics, our laboratory studies in conscious volun- 
teers have shown a slight shift of the CO»;-response 
curve to the right after epidural hydromorphone and 
methadone, but less of a shift than after intravenous 
infusion of the same dose of narcotic (P. R. Bromage, 
E. Camporesi, and J. Leslie, unpublished data). In this 
respect, addition of epinephrine 1/200,000 to the 
epidural narcotics, while not affecting analgesia, may 
prove to be a useful safety factor by lessening the 
uptake of epidural drugs into the blood stream." 

Recently, several cases of unexpected or delayed 
respiratory depression have been reported by other 
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investigators after intrathecal and epidural adminis- 
tration of narcotics.’ ! Clearly the complex results of 
narcotic administration by the extradural route are 
not entirely free from: unexpected complications, and 
much work needs to be done on spinal narcotic 
uptake and distribution in both animal and clinical 
models. In the meantime, a cautious and vigilant 
approaéh is essential in exploiting the undoubted 
advantages of extradural narcotics. 

In summary, we have obtained partial answers to 
the five questions that we asked ourselves at the 
outset: (1) The quality of postoperative analgesia ob- 
tained by the epidural narcotics, while satisfactory 
and relatively free of central depression, is more 
variable and less reliably intense than the profound 
analgesia provided by segmental local anesthetics. 
However, analgesia from epidural narcotics is of sub- 
stantially greater duration and is free of side effects 
attributable to sympathetic and proprioceptive block- 
ade. (2) Restoration of respiratory function after epi- 
dural narcotics, as measured by FEV., is more than 
twice as effective as after intravenously administered 
narcotics. (3) Of the three epidural narcotics tested, 
methadone had the best immediate performance, but 
its duration was relatively short, and morphine was a 
better drug for prolonged relief. (4) This study gave 
no indication that epinephrine improves epidural nar- 
cotic analgesia, and the possible benefits of dimin- 
ished vascular uptake remain to be investigated. (5) 
Although we did not encounter any cases of pro- 
longed or unexpected respiratory depression, and the 
method proved safe in this series, we did not inves- 
tigate the possible consequences of inadvertent sub- 
arachnoid narcotic injection. 
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Measurement of Halothane by 
Ultraviolet Spectroscopy 


Thomas J. J. Blanck, MD, PhD,* and Meff Thompson, ABT 


BLANCK, T.J.J., AND THOMPSON, M.: Measurement of halothane by ultraviolet spectroscopy. 


Anesth Analg 59:481-483, 1980. 


Halothane absorbs strongly in the ultraviolet region of the spectrum. This property has been 
employed to measure the concentration of halothane in samples in which the effect of halo- 
thane on enzyme kinetics was being studied. Halothane can be completely extracted into 
heptane, displays a concentration-dependent linear increase in absorbance over a broad 
concentration range, and has a molar extinction coefficient of 447 M cm™' at 208 nm. The 
procedure described for the measurement of halothane will enable other investigators who do 
not have a gas chromatograph to measure the concentration of halothane. 


Key Words: ANESTHETICS, Volatile: halothane; MEASUREMENT TECHNIQUES: halothane. 


ALOTHANE is a halogenated hydrocarbon in 

wide clinical use as an inhalation anesthetic. 
Halothane partitions between the liquid and vapor 
phases when placed in solution. We have taken 
advanzage of the ultraviolet absorbing properties of 
halothane to measure the concentration of halothane 
in both phases.^? In order to evaluate the utility of 
the ultraviolet absorbance measurement of halothane 
as an alternative method for laboratories that do not 
have gas chromatographs, samples containing halo- 
thane were measured by both ultraviolet spectroscopy 
and gas chromatography. 


Materials and Methods 


Thymol-free halothane was a gift of Dr. Louis 
Ferstandig (Halocarbon Laboratories, Hackensack, 
NJ). Hepes (4-(2-hydroxyethyl)-1-piperazineethane- 
sulfonic acid) buffer was purchased from Calbiochem. 
Heptane was purchased from J. T. Baker Chemical Co 
and only ultraviolet-spectral grade was used; other 
grades of heptane contained impurities that absorbed 
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in the ultraviolet region of the spectrum. Ultraviolet 
absorbance measurements were performed on a 
GCA/Macpherson spectrophotometer using quartz 
cuvettes purchased from Hellma using a technique 
described elsewhere.? Gas chromatography was per- 
formed with a Varian gas chromatograph with a ther- 
mal conductivity detector as described elsewhere.‘ 
Thymol-free halothane was used in this study be- 
cause the ultraviolet absorption spectrum of thymol 
overlapped with the spectrum of halothane. Thymol- 
free halothane in liquid form was added in various 
amounts by calibrated pipettes to volumetric flasks 
containing 100 ml of heptane that had been equili- 
brated to room temperature. The ultraviolet spectrum 
of halothane was determined and the absorbance of 
the standard solution read at a wavelength of 208 nm. 
Solutions of 1-ml volume containing 50 mm Hepes, 
100 mm KCI, 5 mm MgCle, 5 mM sodium azide, 5 mM 
oxalate, and 100 ug of cardiac sarcoplasmic reticulum 
at pH 7.5 were placed in 5-ml glass vials. Thymol-free 
halothane was added to the above solution with a 
Hamilton microliter syringe fitted with a mechanical 
dispenser; the vials were sealed with Teflon-lined 
caps and mixed immediately with a Sybronthermo- 
lyne mixer. The vials were incubated at 25 C; 0.5 ml 
of the vapor phase was sampled with a 1-ml Hamilton 
gas syringe (by puncturing the septum of the vial). 
This sample was injected through a Teflon-lined sep- 
tum into a second 5-ml glass vial which contained 2 
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ml of heptane and mixed immediately. In another set 
of samples prepared similarly 0.5 ml of the liquid 
phase was removed and was immediately mixed with 
2 ml of heptane. The absorbance at a wavelength of 
208 nm of the heptane-extracted solutions was then 
measured using a single-beam spectrophotometer. 
The same samples measured by ultraviolet spectros- 
copy were also analyzed for halothane by gas chro- 
matography as described by Miller and Gandolfi.‘ 


Results 


The ultraviolet spectrum of halothane (thymol-free) 
in heptane is shown in the Figure (A). Both vapor and 
liquid samples extracted into heptane demonstrated 
this spectrum as did halothane vapor alone. The peak 
absorption by halothane of ultraviolet light occurred 
at a wavelength of 206 nm. A calibration curve derived 
by ultraviolet spectroscopy of halothane standards in 
heptane is also shown in the Figure (B); the standards 
used were prepared by the addition of liquid thymol- 
free halothane with calibrated micropipettes to volu- 
metric flasks containing 100 ml of heptane. This 
Figure demonstrates that halothane over the range 
studied obeys the Beer-Lambert law: 


A = edc, (1) 


in which A, absorbance, is read from the spectropho- 
tometer; € is the molar extinction coefficient (which is 
the slope of B in the Figure); d is the thickness of the 
sample; and c is the concentration of halothane. In 
our system the sample thickness, which is the width 
of the cuvette, was 1 cm and therefore equation 1 
simplifies to 


A - ec (2) 

0.7 
0.6 

- 0.5 

= 2 10 

5 04 2 

a * & 08 

$ os 8 

a à z 0.6 

o Ó 
0.2 0.4 
0.1 A 0.2 B 
190 210 230 250 1 2 
Wave Length (nanometers) Halothane (mM) 


FiGURE. A, Ultraviolet spectrum of halothane in heptane. B, 
Absorbance of halothane in heptane at 208 nm as a function of 
concentration. Each datum is the mean of four determinations; 
brackets represent the standard error of the mean. 
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The data of B in the Figure were fit by a linear 
regression analysis which forced the curve through 
the origin. The regression equation for this is 


A = 0.477c (3) 


The slope of B in the Figure is 0.477 mM ! and is 
termed the extinction coefficient, e. The correlation 
coefficient, r, equals 0.9998 indicating that our data 
fit a straight line quite well. The concentration of 
halothane in experimental samples can then be deter- 
mined by reading the absorbance at 208 nm and 
solving for c in equation 3. 


A 
0.447 





=c¢ (4) 


If other substances present in an experimental sample 
interfere with ultraviolet measurements at 208 nm, a 
curve similar to that in B in the Figure can be gener- 
ated at any other wavelength along the halothane 
spectrum. The determination of halothane concentra- 
tion can then be made at the alternate wavelength. 
Samples prepared as described in "Materials and 
Methods" were analyzed for halothane by both ultra- 
violet spectroscopy and gas chromatography. Table 1 
demonstrates concentrations of halothane in the liq- 
uid and vapor samples as a function of liquid halo- 
thane added. Table 2 shows an additional comparison 
of the two methods of halothane analysis. Aliquots : 
were taken from the heptane-halothane standard so- 
lutions shown in B in the Figure and analyzed by gas 
chromatography. The agreement of the two methods 


TABLE 1 

Comparison of Halothane Measurement by Gas 
Chromatography and Ultraviolet Spectroscopy of Liquid and 
Vapor Samples 


Concentration of halothane * 
Volume of halothane 


added Gas Ultraviolet 
chromatography spectroscopy 
n mM 
Vapor sampies 
0.4 0.570 + 0.017 0.735 x 0.005 
0.6 1.005 + 0.125 1.06 + 0.025 
1.0 1.67 + 0.081 1.88 + 0.128 
2.0 3.02 + 0.14 3.19 + 0.023 
Liquid samples 
0.4 0.842 + 0.024 1.00 + 0.08 
0.6 1.45 + 0.13 1.59 + 0.12 
1.0 3.01 + 0.23 3.03 + 0.19 
2.0 5,85 + 0.88 5.73 + 0.054 





* Values are means + standard error for three determina- 
tions. 
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TABLE 2 


Determination of Halothane Concentration in Heptane by 
Ultraviolet and Gas Chromatography Techniques 


Concentration of halothane * 


Volume of 
piss = n Gas Ultraviolet 
chromatograhy spectroscopy 
ul/ 100 mi mM 
4.9 0.521 + 0.012 0.507 + 0.002 
15 1.47 + 0,02 1.45 + 0.005 
20.3 1.99 + 0.008 1.96 + 0.005 


* Values are means + 1 standard error for three determi- 
nations. 


for the standard solutions is essentially exact, but 
there are small differences shown in Table 1. Some of 
the problems that can lead to discrepancy between 
the two methods of analysis are: (1) a delay in meas- 
urement resulting in evaporation of the sample or a 
breakdown of the product being measured; (2) not 
handling the sample in a closed system, again result- 
ing in evaporation; (3) interfering substances extracted 


by heptane that either have an ultraviolet absorbance . 


similar to halothane or cochromatograph with halo- 
thane; and (4) not allowing the heptane solutions to 
equilibrate to room temperature; at cold temperatures 
heptane contracts, resulting in higher concentrations 
of halothane in heptane. 


Discussion 


The concentration of halothane can be measured 


by ultraviolet spectroscopy. Measurement requires an 
ultraviolet spectrophotometer, quartz curvettes, a gas- 
tight syringe, and spectral grade heptane. The deter- 
mination of halothane by ultraviolet spectroscopy 
compares favorably with measurements made by gas 
chromatography. The major drawback to the tech- 
nique described is that other substances such as pro- 
teins that absorb in the same ultraviolet regiop of the 
spectrum as halothane will obscure the measurement 
of halothane. This problem prevents the measurement 
of halothane in blood by ultraviolet spectroscopy; 
however, the vapor phase equilibrated with the blood 
can be analyzed by ultraviolet spectroscopy. The tech- 
nique described will enable investigators who control 
for the presence of interfering substances to measure 
halothane by ultraviolet spectroscopy. 
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Mechanism of Action of Gallamine 
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GALINDO, A., AND KELLY, P. J.: Mechanism of action of gallamine. Anesth Analg 59:484-487, 


1980. 


The mechanisms of action of gallamine on nerve terminals, cholinergic receptors, and the 
threshold for propagation of end-plate potentials to the muscle fiber wers investigated in rat 
phrenic nerve-diaphragm preparations. Intracellular studies were made with glass microelec- 
trodes to determine changes in end-plate potentials and miniature end-plate potentials pro- 
duced by gallamine at concentrations between 1077 M to 10^* M. Gallamine excited and then 
depressed the release of transmitter from nerve terminals. This effect was clearly seen at 
rapid rate of stimulation and during studies of refractoriness using paried stimulation tests. 
Gallamine had no significant effects on the electrogenic properties of the excitable mem- 
branes of motor nerve terminals and muscle fibers; this compound depressed the response of 
postsynaptic receptors to action of acetylcholine as seen by the reduction in miniature end- 
plate potentials amplitude. Reduction in muscle twitch was caused solel y by failure of propa- 


gation of end-plate potentials as muscle action potentials. 


Key Words: NEUROMUSCULAR RELAXANTS: gallamine. 


HE FINDING of various sites and mechanisms of 

action of muscle relaxants has more than theo- 
retical importance. Combination of two nondepolar- 
izing muscle relaxants (pancuronium and d-tubocu- 
rarine) acting through different mechanisms may re- 
sult in a neuromuscular blockade that requires mini- 
mal amounts of these agents, and has a rapid onset 
and short duration.’ In vitro, small doses of succinyl- 
choline and d-tubocurarine summate their actions (A. 
Galindo and S. Pikarsky, unpublished data); even 
succinylcholine itself when injected in small “taming” 
doses? may prevent subsequent muscle fasciculation 
when larger, totally paralyzing doses of succinylcho- 
line are administered. It is of clinical importance to 
investigate the various sites of action of muscle relax- 
ants and thus to define the pharmacologic basis for 
changes in neuromuscular function resulting from 
mixtures of different muscle relaxants, and from in- 
e teraction between anesthetics? or narcotics and neu- 
romuscular relaxants (references 1 to 4 and A. Galindo 
and S. Pikarsky, unpublished data). 


* Professor, Anesthesiology. 

t Anesthesiology Training Fellow. 

Received from the De»artment of Anesthesiology, University of 
Miami, School of Medicine P.O. Box 016370, Miami, Florida 33101. 
Accepted for publication March 23, 1980. 

Reprint requests to Dr. Galindo. 


ANESTHESIA AND ANALGESIA 
Voi 59, No 7, July 1980 


484 


Information regarding the mechanism of action of 
gallamine triethiodide, mainly derived from experi- 
ments in amphibia, is not complete, This information 
is limited to frequency of miniature end-plate poten- 
tials, twitch height, and antidromic firing of motor - 
nerves. It suggests that gallamine first excites and then 
depresses neuromuscular transmission possibly by 
combined pre- and postjunctional effects.” ° The pur- 
pose of the present work is to repeat some of these 
observations in a mammalian muscle and expand our 
knowledge of the effects of gallamine on nerve ter- 
minals, cholinergic receptors, and the threshold for 
propagation of the end-plate potential to the muscle 
fiber. 


Methods 


Experiments were performed on rat phrenic nerve- 
diaphragm preparations isometrically contracting and 
maintained at 32 + 1C in a bath of modified physi- 
ologic salt solution.’ The solution was preoxygenated 
with a mixture of 9596 Os and 596 CO», which flowed 
through the muscle chamber at a rate of 2 to 3 ml/ 
min. The desired concentrations of gallamine were 
obtained with crystalline drug dissolved in the bath 
on the day of the experiment. 

A 2 x 2-cm square of the left hemidiaphragm with 
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its corresponding phrenic nerve was cut and placed 
in the muscle chamber between two forks: one fork 
was attached to the central tendon and formed part of 
a farce displacement transducer; the other fork 
formed part of a micromanipulator. Tension was ad- 
justed by displacing the micromanipulator to the 
point of maximal tension output. The proximal end 
of the phrenic nerve was placed in an adjacent cham- 
ber containing two platinum stimulating electrodes 
immersed in a pool of mineral oil and separated from 
the main bath by a slot filled with silicone grease. The 
bathing solution flowed freely above and beneath the 
muscle. Temperature was continuously recorded and 
monitored at the entry and exit of the chamber; 
observations commenced only when the gradient be- 
tween them was less than 2 C. 

The absolute refractory period of indirectly elicited 
muscle contractions (normal 0.7 to 0.9 msec at 32 + 
1C) was determined using paired stimuli of supra- 
maximal threshold voltage and 0.01-msec duration. 
The preparation was discarded if either the strength 
of indirectly elicited muscle contractions at 0.1 Hz 
could not be maintained uniformly for 30 minutes or 
if the absolute refractory period increased more than 
20% above its normal value during the control period. 

The effects of gallamine on strength of contraction 
were observed following a change in the bath to one 
containing the drug. Indirect stimulation was sus- 
pended intermittently for intracellular recordings to 
determine the resting membrane potentials of end- 
plates or to observe and count (with the aid of a 
computer) miniature end-plate potentials (MEPP). 
These were recorded with glass microelectrodes with 
tip diameters of less than 0.5 y filled with 3 m KCI 
and with an impedance of 4 to 10 MQ. Intracellular 
events were displayed ona Tektronix 565 oscilloscope 
and photographed with a Polaroid camera. Mechani- 
cal events and temperature were continuously re- 
corded on a Grass model 79 polygraph. When me- 
chanical depression was more than 50%, the micro- 
electrodes could be left intracellularly. The absolute 
refractory period for the generation of end-plate po- 
tentials were determined by comparing intracellularly 
recorded end-plate potentials (EPPs) evoked by paired 
stimulation of the phrenic nerve. 

At concentrations of gallamine that did not depress 
significantly the force of muscle contraction, another 
preparation was used to observe drug actions on 
EPPs.* The apparatus included a rubber diaphragm, 
inflated from below, over which the muscle was 
mounted. The system was filled with the same bathing 
solution and connected to a high sensitivity pressure 


transducer to obtain a simultaneous recording of the 
strength of muscle contraction. The resting potential 
of single muscle fibers decreased from more than —70 
mV to less than —55 mV following the first fiber 
contractions after penetration of the electrode, thus 
preventing propagation of EPPs as muscle action po- 
tentials. The effect of gallamine on the EPP amplitude 
was determined by the percentage difference between 
experimental and control measurements. Statistical 
analysis was made by paired Student's t-test. Control 
observations were made, as in a previous study? to 
determine the effect of stretch on the rising and decay 
times of the EPP. The possible effects of muscle 
stretching on transmitter output mechanisms were 
followed by observing changes in the coefficient of 
variation of EPP amplitude and results in the paired 
stimulation test to determine the refractoriness of EPP 
generation. 

The control observations indicated that stretch did 
not affect the rising or decay times of the EPP, nor 
did it modify the coefficient of variation of EPP 
amplitude or its refractoriness. Stretching only in- 
creased the absolute refractory period of EPP gener- 
ation (all or nothing transmission) as a reflection of 
trauma to the branching of the motor nerve, a vulner- 
able area known to be responsible for intermittent or 
sudden failure of neuromuscular transmission." 


Results 


The effects of gallamine on the amplitude of indi- 
rectly evoked muscle twitch, amplitude of EPPs, and 
the frequency of MEPP are presented in Fig. 1. At low 


4t 
---fm 
Ul] t -= MEPP FREQ, 
gk | ] ——— STRENGTH OF CONTRACTION 


CONTROL 


NL EI 
kA 
> ` 





t 20 “A N 
= `N w 
= ` EA 
rf NG y 
ae d M 
M 
“A 
~~ 
80 k 
* 
S 
* 
80 ` 





107 107 io? wi 
GALLAMINE (M, Cascentr.) 
Fia 1. Effect of various concentrations of gallamine on the 
amplitude of the end-plate potential (EPP), frequency of minia- 
ture end-plate potential (MEPP, FREQ), and strength of muscle 
contractions. Data obtained from five different muscles at each 
concentration and a minimum of ten celis per muscle for the 
information on EPPs and MEPPs; bars indicate 1 SD. 
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MECHANISM OF ACTION OF GALLAMINE 


concentration (107^ m) gallamine had no effect on 
muscle twitch while significantly reducing EPP am- 
plitude (p « 0.01) and increasing the frequency of 
MEPPs (p « 0.01). 

A 10-fold increase in the concentration of gallamine 
to 10? m still had no effect on muscle twitch, but it 
further reduced by 40% the amplitude of EPPs without 
affecting the frequency of MEPP. A higher concentra- 
tion of gallamine (10? m) had minimal effect on 
muscle twitch but further depressed EPP amplitude. 
The count of MEPPs, though apparently reduced 
before their disappearance, has little meaning because 
of errors introduced by a reduction in their amplitude. 
Steep depression of muscle twitch occurred with a 
concentration: of gallamine close to 107* m, but the 
slope of the dose-inhibition plot of EPPs was un- 
changed. The control resting membrane potential was 
—73.7 + 0.0 mV; under gallamine (10™* m) it was 
—74.1 + 4.2 mV. The total duration of the EPP was 
unchanged from a control of 1.3 + 0.4 msec. 

The minimal amplitude of the EPP required to 
trigger a muscle action potential was 2.7 + 0.6 mV in 
35 intracellular recordings made during recovery from 
total neuromuscular blockade (Fig. 2). Failure of prop- 
agation was the only cause of depression of muscle 
twitch (Fig. 3). 

A high concentration of gallamine (107* m) did not 
significantly change the absolute refractory period of 
muscle contractions: the control measurement was 
0.82 (0.1) msec; after gallamine it was 0.95 (0.3) 
msec. Intracellular recordings during paired stimuli 
test indicated maximal depression of the second EPP 
at intervals between 100 to 500 msec (Fig. 4). Occa- 
sionally, there was potentiation at intervals shorter 
than 10 msec. 


2 mV mV 4 
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Fia. 2. End-plate poteniial and muscle action potentials for 
gallamine 1074 M recorded simultaneously with an intracellular 
electrode located at the end-plate. A, Several traces superim- 
posed (bottom) with failure of propagation of some subthreshoid 
end-plate potentials (resting membrane potential — 67 mV). B, 
Threshold end-plate potential partially propagated (arrow) in a 
depolarized cell E 53 mV). 
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Fia. 3. Normal distribution of EPP amplitude at two concentra- 
tions of gallamine. Intracellular measurements of EPPs was 
possible only when these potentials had subthreshold amplitude 
(2.5 mV). Normal distribution of their amplitude indicated that 
3696 of EPPs had threshold strength to generate muscle action 
potentials when the preparation was exposed to 10^* M galla- 
mine. This percentage is located approximately 1 SD above the 
mean amplitude for this concentration. At a higher concentration 
(2 x 107* m) only 9% of EPPs had threshold amplitude, or 
approximately 2 SD above the mean amplitude of EPPs observed 
at this concentration. These values closely match similar de- 
pressions in strength of muscle contractions seen in Fig. 1. 
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Fig 4. Refractoriness of end-plate potential generation of gal- 
lamine 210 ^ M as determined by paired stimulation. Computer 


` drawn curve of the ratio between test (EPP2) and conditioning 


end-plate potential (EPP,) separated by various time intervals. 


Discussion 


This study indicates that gallamine depresses neu- 
romuscular transmission in a mammalian muscle by 
reducing the amplitude of the end-plate potential 
without affecting the propagation of these potentials 
to the muscle fiber. Depression of the EPP amplitude 
is due mainly to an effect of gallamine on cholinergic 
receptors as supported by the disappearance of' 
MEPPs. However, a biphasic effect of this drug on the 
motor nerve terminals is evidenced by initial stimu- 
lation of these structures manifested by higher fre- 
quency of MEPPs, and later by depression in trans- 
mitter release and mobilization as demonstrated in 
the studies with paired stimulation tests. The latter 
effect produces a marked depression in EPP ampli- 


GALINDO AND 


tude and twitch height when electrical pulses are 
delivered with intervals between 100 to 500 msec, as 
is used in the train of four test. Gallamine has no 
effect on the electrogenic properties of nerve or mus- 
cle since it did not significantly prolong the absolute 
refractory period of neuromuscular transmission, nor 
did it change the threshold for propagation of EPPs as 
muscle action potentials. In contrast, d-tubocurarine 
more than doubles this threshold; pancuronium, like 
gallamine, has little effect on it." Thus, the combi- 
nation of d-tubocurarine with gallamine may resem- 
ble that of d-tubocurarine with pancuronium." * 

In conclusion, thisy study confirms in a mammalian 
muscle the non-depolarizing type of neuromuscular 
blockage induced by gallamine, as well as the stimu- 
latory effects of low concentrations of this compound 
on the motor nerve terminals previously observed in 
amphibian muscles. In addition, it shows a significant 
depression of transmitter mobilization during paired 
and rapid rates of stimulation; however, gallamine 
has no significant effects on the electrogenic proper- 
ties of the excitable membranes of the motor nerve 
and/or the muscle fiber. 
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Neonatal Fluid Administration 


One hundred seventy premature infants with birth weights between 751 and 2000 g were studied 
in a randomized sequential trial comparing "high" and "low" volumes of fluid intake. Beginning on 
the third day of life, the “low-volume group" received only enough fluid to meet average estimated 
requirements, and the “high-volume group" received an excess of at least 20 ml/kg of body weight 
per day (mean excess, 47 ml/kg/day). Sequential analysis showed that the risk cf patent ductus 
arteriosus with congestive heart failure was greater in infants receiving the high-volume regimen. Of 
85 infants in the high-volume group 35 acquired murmurs consistent with patent ductus arteriosus, 
and 11 of these 35 had congestive heart failure. Only nine of 85 infants in the low-volume group had 
murmurs consistent with patent ductus arteriosus, and two of these nine had congestive heart failure. 
More cases of necrotizing enterocolitis also occurred in the high-volume group. The authors conclude 
that limitation of fluid intake to amounts estimated to meet requirements for excretion, insensible 
loss, and growth can reduce the risks of patent ductus arteriosus and congestive heart failure in 
premature infants. (Bell EF, Warburton D, Stonestreet BS, et al: Effect of fluid administration on the * 
development of symptomatic patent ductus arteriosus and congestive heart failure in premature 


infants. N Engl J Med 302:598 -604, 1980) 


ANESTHESIA AND ANALGESIA 
Vol 59, No 7, July 1280 


487 


ANESTH ANALG 
59:488-493, 1980 


Correction for Gas Compression in 


Mechanical Ventilators 
Andrew F. Forbat, MB, BS, FFARCS,* and Charles Her, MD} 


FORBAT, A: F., AND HER, C.: Correction in gas compression in mechanical ventilators. Anesth 


Analg 59:488-493, 1980 


Errors in measurements arising from compression of gases in a mechanical ventilator may be 
corrected by calculation based on the compressible volume of the ventilator, or by physical 
separation of expired from compressed gases. Using a Frumin valve to effect this separation, 
the volume compressed in the Bear | ventilator was found to be 5.15 ml/mm Hg, and its 
compressible volume to be 3790 ml (range 3760 to 3806 ml). The ratio of uncorrected/ 
corrected tidal volume (termed the correction factor) was 1.229 + 0.014. When Vp/V+ was 
corrected using this factor and compared with that obtained by calculating Vo/V1 using PEco, 
measurements in expired air collected from the Frumin valve, the difference between the two 
was not significant. It is concluded that the use of the Frumin valve is a practical method for 
determining the true dead space-to-tidal volume ratios and that the application of the correc- 


tion factor is also reliable. 


Key Words: EQUIPMENT: ventilators; MEASUREMENT TECHNIQUES: dead space; VENTILATION: dead space. 


URING mechanical ventilation, tidal volume is 

commonly measured either by the excursion of 
the ventilator bellows or by a spirometer attached 
distal to the expiratory valve of the ventilator. Errors 
due to leaks occurring between the components of 
the ventilator and circuit, or around the cuff of the 
endotracheal tube, are eliminated if expired tidal vol- 
ume is measured. However, during inspiration, gas is 
compressed in the ventilator hose, and also distends 
the hose between the ventilator and the patient. Dur- 
ing expiration, when airway pressure returns to at- 
mospheric, this compressed volume is added to the 
true expired tidal volume and will be measured as 
though it were part of the expired tidal volume. 
Distension of the ventilator hose can be minimized 
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by using noncompliant tubing but this does not pre- 
vent compression of gases within the tubing. 

Factors that determine the volume of compressed 
gas (Vcp) are: (1) the compressible volume of the 
ventilator (Vy), the volume of the ventilator tubing 
from the inspiratory check valve to the expiratory 
valve including the volume of the humidifier not filled 
with water; and (2) the end-inspiratory pressure. 

The error due to compression of gases is clinically 
especially significant when the inflation pressure is 
high (e.g., in obstructive lung disease) or when the 
tidal volume is small (e.g., in infants). 

Gases compressed during inspiration and added to 
the expired tidal volume cause dilution of the gases 
expired from the lungs. Thus, an error appears when 
measuring not only the volume of gases, but also their 
composition. This is important when estimating phys- 
iologic dead space. The addition of these diluting 
compressed gases will cause a reduction in the meas- 
ured expired carbon dioxide tension (PEco,) and over- 
estimation of the Vp/Vr ratio. In other words, the 
compressed gases contribute to apparatus dead space. 

While using a Frumin valve’ for collection of mixed 
expired gas for Vp/Vr and Òs/Ôr studies in our 
patients, we noted a rise in the spirometer bellows of 
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the MA-1 ventilator during the expiratory phase. 
When we placed the valve between the end of the 
inspiratory hose and the patient, having removed the 
ventilator Y-piece (Fig la), the Frumin valve failed to 
deflate during expiration, indicating that gases com- 
pressed during inspiration had accumulated in the 
tubing, maintaining pressure in the mushroom of the 
valve, and preventing deflation. When the Frumin 
valve was attached distal to the Y-piece, the com- 
pressed gases were free to flow into the expiratory 
bellows where they could be measured (Fig 1b). Thus, 
it became possible to measure the compressed volume 
of the ventilator tubing and humidifier by a simple 
bedside test. From the measured compressed volume, 
the compressible volume of the ventilator could be 
calculated without dismantling. We then checked the 
reliability of this method against direct measurement 
of tidal volumes and dead space-to-tidal volume ratios 
and against previously published calculations.” 


Methods and Materials 


Measurement of Volumes 


Five Bear I volume-cycled ventilators (Bourns Co, 
Riverside, CA), with nondisposable rubber connect- 
ing tubes (Bennett) and with humidifiers filled with 
sterile water up to the full line, were used for each 
volume measurement. All volumes were measured 
with water-sealed spirometers (Collins). Volumes 
were measured at several airway pressures. The total 
volume collected from 10 to 20 ventilator cycles was 
divided by the number of breaths to derive accurate 


ABBREVIATIONS 


pressure 

barometric pressure 

airway or endotracheal pressure 

volume 

tidal volume 

dead space volume 

following a value is value corrected by calculation 

following a value is the value measured using a 
Frumin valve 

compressible volume of the ventilator 

volume compressed by the ventilator 

intermittent mandatory ventilation 

continuous positive airway pressure 

positive end-expiratory pressure 

arterial carbon dioxide tension 

mixed expired carbon dioxide tension 


fractional concentration of mixed expired carbon 
dioxide i 


venous admixture 
correction factor 








(b) 


Fie 1. Frumin valve with ventilator Y-piece removed showing 
compression in stippled areas. a, Gas compressed in the tubing 
cannot escape. It accumulates, leaving residual pressure in the 
mushroom of the Frumin valve, preventing its deflation during 
expiration. b, Compressed gas escapes through expiratory limb 
of ventilator when the ventilator mushroom valve deflates. Pa- 
tient's expired gas is free to escape through the Frumin valve. 
V, Ventilator; F, Frumin valve; l, inspiratory check valve of 
ventilator; M, mushroom valve of ventilator; L, test lung or 
patient; VE, mixed expired gas; Vcp, compressed gas. 


volumes of compressed and tidal gases respectively. 
Airway pressure (Paw) was measured with a Statham 
P23Db pressure transducer (previously calibrated 
against a mercury manometer) and a photo-recorder 
(Electronics for Medicine). Pressure readings were 
taken from the recorder tracings. Ventilators were set 
to run at a rate of 15/min at flow rates of 40 to 50 L/ 
min in the control mode. 

' Two methods were used for determining the vol- 
ume of compressed gas: (A) Compressed gas was 
separated from the expired gas with a Frumin valve. 
After ensuring that it was leak-free, the valve was’ 
placed between the Y-piece of the ventilator and the 
test lung (Fig 2). Spirometer 1 was used to measure 
the compressed volume, and spirometer 2 measured 
the expired tidal volume separated from compressed 
gases. (B) Compressed volume was also measured by 
occluding the Y-piece of the ventilator and collecting 
the compressed gas from the expiratory port of the 
ventilator.” The corrected tidal volume was then cal- 
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Spirometer #2 or Expiratory (mushroom) 


Douglas Bag valve of ventilator 
PY Mushroom of 
el anid Beas Frumin valve 
a «o > Spirometer #1 
Puce 
1 I 
l l 
La fen ame ab ur a an a 
` @ Ventilator 
Humidifier 
Test Lung 
or 
Patient 


Fia 2. Frumin valve and its connections. Portion within dotted 
square is Frumin valve. Gas entering the test lung or patient 
during inflation will go to spirometer 2 during defiation. Gases 
measured by spirometer 2 are true mixed expired gases, and 
gases measured by spirometer 1 are gases compressed in the 
ventilator hose. 


culated from the compressible volume of the venti- 
lator as derived from the compressed volume (Appen- 
dix, equations 2 to 4). 

The ratio of uncorrected to corrected tidal volumes 
(obtained by measurement in method A or by calcu- 
lation in method B) was termed the correction factor 


(S). 


Measurements and Correction of Vp/Vr on 
Patients 


PEco, measured from gas collected from the expir- 
atory port of the ventilator was used to calculate the 
uncorrected dead space-to-tidal volume ratio. By ap- 
plication of the above mentioned correction factor, a 
corrected Vp/Vr ratio was then calculated as shown 
in equation 7 in the Appendix. PEco, was next meas- 
ured from gas collected from the Frumin valve and 
the dead space-to-tidal ratio was again calculated (Vp/ 
Vim). This "measured" dead space-to-tidal volume 
ratio was compared with the dead space-to-tidal vol- 
ume ratio (Vp/VrTe) obtained by calculation. 

Arterial blood was drawn from an arterial cannula 
which was already in situ for continuous monitoring. 
Paco, was analyzed with an ABL-1 gas analyzer (Ra- 
diometer, Severinghaus electrode). Carbon dioxide 
concentration in expired gas was measured with an 
infrared analyzer (Godart Capnograph) calibrated 
against CO, obtained from certified test cylinders. 
Measurements were made on patients requiring me- 
chanical or intermittent mandatory ventilation (IMV) 
for respiratory failure. When the patients were on 
IMV, a unidirectional valve (Hudson #1644, Hudson 
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Oxygen Therapy Sales Co, Temecula, CA; B&F Med- 
ical Products Inc, #64407, Toledo, OH) was inserted 
between the expiratory port of the Frumin valve and 
the Douglas bag to prevent rebreathing from the bag 
during spontaneous breaths (Fig 3). Regression equa- 
tions were calculated with a Texas SR-51-II calculator 
and the significance of the difference between the 
equations thus obtained was compared from tables.’ 


Results 


The volume of compressed gas increased linearly 
as airway pressure increased to 45 cm H3O (r = 0.885). 
The slope was 5.15 ml/mm Hg or 3.8 ml/cm H20 by 
method A (direct measurement) and 5.09 ml/mm Hg 
or 3.7 ml/cm H2O by method B (calculation) (Fig 4). 
The difference between these two results is not sig- 
nificant. Since there is a linear relationship between 
the compressed gas volume and airway pressure, 
equation 2 for compressible volume was modified by 
substituting the result of this regression equation to 
read, Vy = (5.09 X Paw — 2.62) X Dy/Paw (at airway 
pressures between 18 and 32 torr). The mean Vv was 
found to be 3790 ml with a range of 3760 to 3806 ml. 
The correction factor by method A (Vt/Vtm) was 
1.229 + .014 and that by method B (Vr/VrTe) was 
1.211 + 0.000 (Fig 5). The difference between these 
two values is statistically not significant. Individual 
test results are shown in the Table. 

There was, as expected from equation 7, a linear 
relationship between Vp/Vtm and Vp/Vr giving a 
regression equation of: Vp/Vrm = 1.185 Vp/Vr — 
0.203 (r = .994). There was no significant difference 


-UDV 


— 





Douglas Bag 


LL 





ETT 


Fig 3. Unidirectional valve (UDV? inserted between the expira- 
tory port of the Frumin valve and the Douglas bag. When patient 
takes a spontaneous breath, the mushroom (M) of the Frumin 
vaive remains deflated; therefore, a UDV is necessary to prevent 
rebreathing from the Douglas bag. V, Ventilator tubing; ETT, 
endotracheal tube; VE, expired gas. 
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Vep in ml 


£0 





0 5 10 15 20 25 30 
Airway Pressure in mm Hg 


Fig 4. Linear relationship between airway pressure and volume 
of compressed gas. In open circles, Vcp was measured by 
methcd B and the regression equation is Vep = 5.09 Paw — 
2.62. In closed circles, Vcp was measured by method A and the 
regression equation is Vcp = 5.15 Paw — .126. There was no 
significant difference between these two volumes at any given 
airway pressure. 


between the regression equations or their slopes, ob- 
tained using either method A or B. 


Discussion 


The volume-pressure relationships in those por- 
tions of the ventilator circuit that are pressurized 
during inspiration have been defined as the internal 
compliance of the ventilator. Internal compliance may 
be divided into the component within the machine 
(bellows compartment) and that within the conducting 
passages. The bellows compartment need only be 
considered if tidal volume is measured from the 
movement of the bellows.? 

Correction factors to compensate for compressed 
gas volume have been derived in the past by both 
stati and dynamic* " measurements, as well as by 
calculation.^? Loh and Chakrabarti? measured the 
internal compliance of ventilators by separating the 
gas compressed in the tubing from the gas exhaled by 
the patient, using the pressure-operated unidirec- 
tional valve designed by Sykes.? 

Using the Frumin valve, we were also able to sep- 
arate the true expired tidal volume from the com- 
pressed gas. The Frumin valve, operating on a prin- 
ciple similar to Sykes' valve, interposes a check valve 
between the Y-piece and the patient. The volume 


returnimg from the patient's lung is vented through 
the mu :hroom of the Frumin valve without returning 
to the respirator hose. It is then measured accurately 
in spiremeter 2 and the correction factor (Vr/Vrtm) 
can be calculated. Gas compressed in the ventilator 
hose re-urns to the expiratory valve of the ventilator, 
to be measured by spirometer 1. Alternatively, one 
can mesure the compressed volume by occlujling the 
Y-piece and by collecting expired gas from the expir- 
atory port of the ventilator.? From this, the compress- 
ible voLime and the corrected expired volume can be 
calculated (equations 2 to 4). Hence the correction 
factor (5) can be calculated by the use of this corrected 
tidal vo.ume. 

Fig 4 shows the comparison between direct meas- 
uremerr of Vp/Vr and correction by applying two 
correction factors obtained using method A and B, 
respectively. Identity of the three lines means that the 
application of a correction factor obtained by either 
method is a reliable means of eliminating the effect 
of the zompressed volume and of calculating the 
physiol»gic dead space-to-tidal volume ratio. 

In a dinical situation, it is usually simpler to meas- 
ure Vp, Vr by separating compressed gas from true 
expired gas by means of the Frumin valve. It is leak- 


A line: Vp/ Vx, (Method A) = 1.229 Vp/Vy — 0.229 (r=.999) 
B line: Vp/V7, (Method B) = 1.211 Vp/V4 — 0.211 (r=.999) 
0.7r Cline: Vp/ Vr, = 1.185 Vp V4 —0.203 (r=.999) 


Vp/Vic or VD/Vtm 





0.1 0.2 0.3 0.4 0.5 0.6 0.7 


Vp/VT 

Fig 5. Lear relationship between Vp,//Vr and Vp/Vim, Vo/Vr 
and Vo/WV4., by methods A and B. There is no significant differ- 
ence between the regression coefficient of the regression line 
obtained by direct measurement and the coefficient for the 
correctior by either method A or B. Since the intercept of the 
regressio1 equation is 1 — S (equation 7), the intercepts will 
coincide ¥ the slopes are the same. Thus, the three lines are 
identical. 
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TABLE 
Measurements of Vp/V+ and Vp/Vrm and correction to Vp/Vr1. on patients* 
FEcoz Vo/ Vre 
Age/sex Ventilator mode FEco; FÉcoos Pacos Dry P, Vo/Vr TT eS MI Vim 
Method A Method B Method A Method B 
96 926 926 mmHg mmHg 926 96 96 
61/F IMV 5/min 4.6 5.65 5.57 5.5 65 725 48.7 37.0 37.9 38.7 
56/M IMV 5/min 3.8 4.67 4.60 4.6 50 704 46.5 34.2 35.2 35.2 
73/M, IMV 5/min 2.1 2.58 2.54 2.6 35 714 57.2 47.4 48.2 47.0 
56/M Control 2.4 2.95 2.91 2.8 32 715 46.4 34.1 35.1 37.4 
82/M IMV 10/min 1.6 1.97 1.94 2.0 33 709 65.6 57.7 58.3 57.0 
55/M IMV 10/min 2.4 2.95 2.91 3.0 34 708 50.0 38.6 39.5 37.5 
22/F IMV 10/min 2.0 2.46 2.42 2.5 28 714 49.0 37.3 38.2 36.3 
58/M IMV 6/min 3.3 4.06 4.00 4.0 52 705 55.3 45.1 45.9 45.8 
80/M Control 2.0 2.46 2.42 2.5 31 704 54.6 44.2 45.0 43.2 
52/M IMV 12/min 2.2 2.70 2.66 2.7 41 716 61.6 52.8 53.5 52.8 
44/F IMV 8/min 3.0 3.69 3.63 3.7 40 718 46.2 33.9 34.8 33.6 
52/M IMV 6/min 1.7 2.09 2.06 2.1 42 713 71.1 64.5 65.0 64.4 
52/M IMV 4/min 1.7 2.09 2.06 2.1 34 708 64.6 56.5 57.1 56.3 
52/M IMV 2/min 1.8 2.21 2.18 2.2 41 707 69.0 61.9 62.5 62.1 


* Results of FEco, and Vp/V1 measurements. Percentages of FEco, and Vo/V1 were obtained from expired gas collected distal to 
the expiratory port of the ventilator. Percentages of FEco,. and Vo/V1. are results calculated by applying correction factors using 
method A or B. Percentages of FEcom and Vp/Vrm are results obtained by collecting expired gas from the Frumin valve. 


free, has low expiratcery resistance, and can be used 
whether ventilation is spontaneous or mechanically 
controlled. During spontaneous respiration (as with 
CPAP and IMV) it is necessary to insert a one-way 
valve between the Frumin valve and the collecting 
bag to prevent rebreathing from the collecting bag. If 
PEEP is used, the mushroom of the Frumin valve will 
remain inflated during the expiratory phase, thus 
causing expiratory obstruction and compromising 
cardiac output. We tried to decrease this pressure 
difference across the mushroom valve by applying 
pressure equal to the end-expiratory pressure be- 
tween it and spirometer 2. However, when a patient 
required high PEEP, it was still difficult to prevent 
expiratory obstruction. Under these circumstances, it 
may be necessary to calculate corrected Vp/Vr by 
application of the correction factor. 

The study was done on the Bear I ventilator, but 
our method would be applicable for determination of 
the compressed volume of other volume ventilators. 
Once this compressed volume is determined, calcu- 
lation or a direct measurement of expired tidal volume 
from the Frumin valve will be more accurate than 
correction using a standard 3 ml/cm HO pressure 
for the internal compliance of the ventilator. In this 
study using the Bear I ventilator we found that the 
volume of compressed gases was 5.2 ml/mm Hg or 
3.8 ml/cm H3O increase in airway pressure. This is 
similar to results obtained in a pilot study of the MA- 
1 ventilator. We are extending our studies to the 
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determination of compressible and compressed vol- 
umes of ventilators used with anesthetic circuits. 


Appendix 


Method A (Direct Measurement) 


Since the volume of expired carbon dioxide is the 
same whether it is collected from the expiratory port 
of the ventilator or from the Frumin valve, the follow- 
ing equation is true: 


PEco,. X Vrm = Péco, X Vr ~. PEco, = Péco, X Vr/Vrm (1) 


Method B (Calculation) 


1. By occluding the Y-piece of the ventilator and 
measuring the compressed gas volume, the compress- 
ible volume (Vv) can be calculated according to 
Boyle’s law. 


(Vv + Vr) X (Pp + Paw) = Pp X (Vv + Vr + Vcp) 


Since there is no tidal volume Vr = 0 


Vv X (Pa + Paw) = Pa X (Vv + Vep) 


Solving for Vv 


D, 
Vy = Vcp X 
Paw 





(2) 


FORBAT AND HER 


2. Corrected tidal volume can be calculated from 
Boyle's law. 


(Ph + Paw)(Vv + Vre) = Pp X (Vv + Vo) 


Solving for Vre 


(Vv + Vr) — 


Vre = Py X 
re? (Py + Paw) 


(3) 


This equation corresponds to that derived by Cross- 
man et al^ The corrected tidal volume (Vreo) is calcu- 
lated under pressure during inspiration and will there- 
fore be designated V4. Since the expired gas is 
collected under atmospheric pressure 


Vre X Pp = Vreg X (Py + Paw) 


Solving for Vre 


P» + Paw 
Vre = Vren X LM (4) 


This correction should bring the calculated tidal vol- 
ume (Vre) to correspond with tidal volume actually 


measured with a Frumin valve (VTm). 
3. The correction for PEco, 


PEco,, = PEco, X Vr/Vre (S) 


By applying the correction factor, PEco,, can be deter- 
mined with this PEco, 


Paco, — PE 
Mot Vn/ Vas uM aaa (6) 
Paco, 


If equations 5 and 6 are combined, we have 


Vp/Vire = S X Vp/Vr (1 — S) (7) 


where S is the correction factor, Vr/Vim or Vr/V Te. 


This is derived as follows: 


V 
S=— by definition 
Vre 


Vr 
PEco,. = PEco, V. from equation 1 
Te 


= Pico,+5 


Vp _ Paco, — Peco, Vp _ Paco, — PEco,, 
— Soa e à p d 
Ver Paco, Vore 





Paco, 


Rearranging 


Vp 
PEco, = Paco, ( -2) 


Apply:ng correction factor 


Vp 
PEco,: 5 = PEco,, = S- Paco, | 1 — Ve 


"l 


Subtra-t Paco, both sides 


"Yr 


V 
PEco,, — Paco, = S: Paco, (: = x) — Paco, 


Vp 
= S. Paco, E S. Paco, =~ T Paco, 


Vo 
Vp 
zz laco, (s E “es J 
_PEco,, — Paco, S c. VD ae 
Paco, 1 
Change signs both sides 
Paco, — PEco,, _ c. D does 
Paco, Ver 
Vp Vp 
Va =5 v t (1-5) 
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CRAFT, J. B., JR., Co, E. G., YoNEKURA, M. L., AND GILMAN, R. M.: Nitroglycerin therapy for 
phenylephrine-induced hypertension in pregnant ewes. Anesth Analg 59:494—499, 1980. 


Obstetrical situations in which endogenous or exogenous vasoactive amines precipitously 
increase maternal blood pressure and decrease uterine blood flow may be associated with 
increased maternal morbidity and mortality and with development of fetal acidosis and dis- 
tress. We examined the effectiveness of nitroglycerin in lowering maternal blood pressure and 
increasing uterine blood flow during the infusion of the alpha-adrenergic agent phenylephrine. 
During the phenylephrine infusion maternal blood pressure increased 2096, cardiac output 
decreased 2596, total peripheral vascular resistance increased 6096, pulmonary arterial pres- 
sure increased 4096, uterine blood flow decreased 5096, and fetal arterial pH decreased from 
7.37 to 7.30 (p « 0.05). While maintaining the phenylephrine infusion at a constant rate, the 
infusion of nitroglycerin rapidly returned maternal systemic pressure and pulmonary arterial 
pressure to control values, decreased total peripheral resistance to 1896 above control, 
increased cardiac output to 1296 below control, increased uterine artery blood flow to 3096 
below control, and increased the fetal arterial pH from 7.30 to 7.35 ( p « 0.05). It is concluded 
that maternal hypertension resulting from intense alpha-adrenergic stimulation may be treated 
rapidly and effectively by the intravenous infusion of nitroglycerin with a partial restoration 


(2096) of uterine artery blood flow toward control. 


Key Words: ANESTHETIC TECHNIQUES, Hypotensive: nitroglycerin; ANESTHESIA: obstetric; UTERUS: blood 


flow; BLOOD PRESSURE: hypertension. 


CUTE hypertensive episodes occurring during 
pregnancy due to alpha-adrenergic stimulation 

by endogenous or exogenous catecholamines are a 
significant cause of maternal morbidity and mortality 
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and may be associated with decreased uterine blood 
flow and fetal distress." ^ These episodes may be due 
to anesthetic or surgical manipulations. Hydralazine 
is currently employed in the acute treatment of these 
hypertensive episodes. In hypertension experimen- 
tally induced in the pregnant ewe with phenylephrine, 
an alpha-adrenergic agent, hydralazine reduced blood 
pressure while increasing uterine blood flow. It has 
the disadvantage, however, of a slow onset of 
action.” * Recently the effect of sodium nitroprusside, 
a nonspecific vascular smooth muscle relaxant, in the 
hypertensive pregnant ewe was reported.* Although 
it rapidly lowers maternal blood pressure, uterine 
blood flow is not improved.* In addition, there has 
been a report of the accumulation of cyanide in the 
fetus when nitroprusside is used.” 

Nitroglycerin, a rapid-acting, potent vasodilator of 


CRAFT ET AL 


both arterial and venous vascular muscle has been of 
clinical use for the relief of angina pectoris for more 
than a century. Its use has been expanded to include 
the treatment of myocardial infarction, congestive 
heart failure, valvular disease, and myocardial dys- 
synergy, and to control hypertension during coronary 
artery surgery.5? To date, however, there have been 
no reports on its use in the management of parturients 
with acute hypertensive episodes. We studied the 
effectiveness of nitroglycerin in lowering the maternal 
blood pressure and increasing the uterine blood flow 
during phenylephrine-induced hypertension in the 
unanesthetized pregnant ewe near term. 


Methods and Materials 


Eight pregnant ewes near term (mean gestational 
age 133 days, range 124 to 138 days, term 147 to 150 
davs) were studied. Using halothane anesthesia, pol- 
yvinyl #8 French catheters were placed in the aorta 
via both maternal femoral arteries and the inferior 
vena cava via the femoral veins. The arterial catheters 
were used for the measurement of arterial blood 
gases, arterial blood pressure, and heart rate. The 
venous catheters were used for the infusion of phen- 
ylephrine and nitroglycerin. A Swan-Ganz catheter 
was placed in the pulmonary artery via the jugular 
vein for measurement of central venous pressure and 
cardiac output. 

A. small incision was made in the gravid uterus at 
a site free of cotyledon and a fetal hind limb was 
extracted. A polyvinyl catheter (#4 French, 0.48-inch 
o.d.) was inserted into the fetal femoral artery for 
monitoring of fetal acid-base status and fetal arterial 
blood pressure and heart rate. A fetal femoral vein 
was also cannulated for drug infusion in the event it 
was necessary to treat the fetus. A polyvinyl catheter 
(#6 French, 0.105-inch o.d.) was inserted into the 
uterine cavity to measure amniotic fluid pressure. The 
uterine incision was then closed. Through the abdom- 
inal incision, a Carolina Medical precalibrated elec- 
tromagnetic Flo-probe was secured around a main 
branch of a uterine artery for measurement of changes 
in uterine blood flow. 

The animals were allowed to recover from the 
preparatory surgery for at least 24 hours before an 
experiment was performed in the awake state. During 
the experiment fetal blood pressure and heart rate as 
well as maternal blood pressure, heart rate, right atrial 
pressure, and pulmonary arterial pressure were meas- 
ured continuously using the Statham pressure trans- 
ducer and recorded on type R411 Beckman dyno- 


grapF 8-channel recorder. Uterine blood flow was 
measared continuously with a Carolina Medical elec- 
tronics square-wave electromagnetic flow meter, Car- 
diac cutput was measured using the thermal dilution 
techn que and a thermodilution cardiac output com- 
puter (Elecath). Maternal temperature was monitored 
and nsaintained at 37 + 1 C. Arterial blood gases were 
measured immediately after sampling with'the Radi- 
ometer blood gas analyzer BMS 3, and temperature 
was :orrected. Base excess values were calculated 
using the Severinghaus equation. Maternal stroke 
volume and total peripheral resistance were calculated 
using the formulas: 


cardiac output (L/min X 1000) 


stroke volume (mi/beat) = hesitate (heats nin) 


total peripheral vascular resistance (dynes/sec/cm ") 


. mean arterial pressure (torr) — mean CVP (torr) X 80 
cardiac output (L/min) 


Fol owing a control period of 30 minutes during 
whick maternal and fetal cardiovascular and acid-base 
variables and uterine blood flow remained stable, 
phenylephrine (4 ug/ml) was infused to increase mean 
arteri.] blood pressure about 20%. When the arterial 
pressere had been constant for 30 minutes and while 
contiruing the infusion of phenylephrine at the same 
rate, nitroglycerin, 32 ug/ml, was infused at a rate 
suffic ent to return the maternal arterial blood pres- 
sure to control values. When the blood pressure was 
stable. sampling was begun and the nitroglycerin 
infusion continued for 30 minutes. After the nitro- 
glycemin infusion was stopped the phenylephrine in- 
fusior was continued, and when the blood pressure 
was stable, sampling was again begun for 30 minutes. 
There was a second 30-minute control period after 
the pEenylephrine was discontinued. 

All zardiovascular data are presented as percent of 
change from the control while acid-base data are 
preser ted as absolute values. Control values for blood 
pressure, heart rate, uterine blood flow, and amniotic 
fluid sressure were the averages of determinations 
made at 5-minute intervals; control values for cardiac 
outpu., stroke volume, total peripheral resistance, and 
acid-base data were the averages of determinations 
taken at 15-minute intervals (Table). Values during 
the prenylephrine and nitroglycerin periods are given 
for 1£-minute intervals. Values for blood pressure, 
heart rate, and uterine blood flow in each interval 
represent the mean of three consecutive 3-minute 
determinations. 
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TABLE 


Maternal and Fetal Cardiovascular Acid-Base Values during 
Control Period (mean + SE) 








Contro} 
Cardiovascular data 
Mean arterial pressure (torr) 
Maternal 99 x 4.1 
Fetale 65 + 2 
Uterine blood flow (ml/min) 580 + 20 
` Total peripheral resistarce (dynes/sec/ 1113 +8 
cm^5) 
Cardiac output (L/min) T.Í1 x4 
Heart rate (beats/min) 
Maternal 100 +3 
Fetal 173 +2 
Stroke volume (ml/beat) Z5 11 
Acid-base data 
pH (units) 
Maternal 7.48 + 0.02 
Fetal 7.37 + 0.03 
Paco, (torr) 
Maternal 25.5 + 1 
Fetal 3442 
Base excess (meq/L) 
Maternal —-46+2 
Fetal —42+2 
Pao, (torr) 
Maternal 92.6 + 10 
Fetal LO 


Our results were analyzed by the paired Student’s 
t-test and p < 0.05 was considered statistically signif- 
icant. 


Results 


Phenylephrine Alone 


With the 20% increase in maternal blood pressure 
due to the phenylephrine infusion, total peripheral 
resistance increased 60%, pulmonary artery pressure 
increased 40%, and uterine blood flow decreased 50% 
from control (Fig 1). Cardiac output decreased 25%, 
heart rate decreased 30%, and stroke volume was 
unchanged (Fig 2). Fetal mean blood pressure in- 
creased 10% and heart rate decreased 20% (Fig 3). 
Amniotic fluid pressure and maternal acid-base status 
did not change significantly. The fetal arterial pH 
decreased significantly from a mean of 7.37 to 7.30 
(Figs 4 and 5). 


Phenylephrine and Nitroglycerin 


When nitroglycerin reduced mean arterial pressure 
to control values, total peripheral resistance decreased 
from 60% above control to 18% above control (p < 
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Fig 1. Percent of change from control of maternal mean arterial 
blood pressure, mean pulmonary artery pressure, uterine blood 
flow, and total peripheral vascular resistance during phenyleph- 
rine-induced hypertension and during correction of hypertension 
with nitroglycerin. Nitroglycerin caused a significant increase in 
uterine blood flow ( p « 0.05). 


0.05). The cardiac output increased from 2596 below 
control to 12% below control (p < 0.05). The stroke 
volume decreased from control to 2596 below control 
(p « 0.05). The mean pulmonary artery pressure 
decreased significantly (p « 0.05) from 4096 above 
control to control levels. The maternal Pao, decreased 
from 92 torr to 82 torr (p « 0.05). The uterine artery 
blood flow increased from 5096 below control to 3096 
below control (p « 0.05). There was no change in 
amniotic fluid pressure. The fetal heart rate increased 
from 2096 below control to 10% below control (p < 
0.05) while the fetal blood pressure decreased from 
1076 above control to control values (p « 0.01). There 
was a significant increase in fetal arterial pH from 
7.30 to 7.35 (p < 0.05). There were no other significant 
fetal changes. The effects of nitroglycerin were eva- 
nescent and could not be determined 15 minutes after 
cessation of infusion. i 
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Fig 2. Percent of change from control of maternal cardiac 
output, heart rate, and stroke volume during phenylephrine- 
induced hypertension and during correction of hypertension with 
nitroclycerin. Nitroglycerin caused a significant increase in heart 
rate and cardiac output (p « 0.05). 


Discussion 


Our primary aim in this study was to investigate 
the effectiveness of an intravenous infusion of nitro- 
glycerin in lowering maternal blood pressure and 
increasing uterine blood flow in the pregnant ewe 
made acutely hypertensive by alpha-adrenergic stim- 
ulation. In the human parturient, adrenergic stimula- 
tion produced by either exogenous or endogenous 
catecholamines can increase maternal blood pressure 
to such a degree that a cerebral vascular accident may 
occur.’ In addition the uterine vessels may constrict, 
resulting in a reduced uterine blood flow and acute 
fetal distress." * Exogenous catecholamines are admin- 
istered to treat or prevent spinal or epidural hypoten- 
sion or they may be used with local anesthetics to 
produce vasoconstriction at the site of injection. En- 
dogenous catecholamines are released during anes- 
thetic manipulations (e.g., endotracheal intubation) in 
the previously hypertensive parturient and during 
surgical manipulations in the parturient with pheo- 
chromocytoma. We induced hypertension in these 
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Fig 3. Percent of change from control of fetal blood pressure 
and heat rate during phenylephrine-induced hypertension and 
during correction of hypertension with nitroglycerin. 
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FIG 4. Changes in maternal arterial pH. Paco, and base excess 
(BE) during phenylephrine-induced hypertension and during cor- 
rection c hypertension with nitroglycerin. Nitroglycerin caused 
a significant decrease in Pag, (p < 0.05). 
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Fig 5. Changes in fetal arterial pH, Pao,, Paco, and base ex- 
cess (BE) during phenylephrine-induced hypertension and dur- 
ing correction of hypertension with nitroglycerin. Nitroglycerin 
caused a significant increase in pH (p < 0.05). 


experimental animals with the infusion of phenyleph- 
rine, a pure alpha-adrenergic stimulator which causes 
à rapid sustained increase in blood pressure with 
an associated reduction in uterine blood flow and 
cardiac output and an increase in total peripheral 
resistance.” 

Using this experimental model the effects of so- 
dium nitroprusside on uterine blood flow in the hy- 
pertensive pregnant ewe have recently been investi- 
gated by Ring et al.* In their study, during phenyl- 
ephrine-induced hypertension in pregnant ewes, so- 
dium nitroprusside rapidly decreased total peripheral 
resistance and reduced the blood pressure to control 
value, without any accompanying change in uterine 
blood flow. In contrast, in our phenylephrine-induced 
hypertensive pregnant ewes, nitroglycerin was rapidly 
effective in partially relieving the uterine artery spasm 
and increasing the uterine artery blood flow 20% with 
a concomitant improvement in fetal arterial pH. Thus, 
while both nitroglycerin and sodium nitroprusside 
produced similar hemodynamic effects and selective 
vasodilation in various vascular beds, they apparently 
have different actions on uterine artery vessels. 

In addition, another disadvantage to sodium nitro- 
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prusside is its rapid placental transfer, and possible 
fetal cyanide toxicity and death.” Methemoglobinemia 
is a theoretical complication of the use of nitroglyc- 
erin, but Hug and Kaplan” reporting on the effect of 
nitroglycerin in humans did not detect any untoward 
response. We did not measure blood levels of met- 
hemoglobin in our study. 

Another aspect to be considered in this study was 
the significant decrease in maternal Pao, in patients 
during the nitroglycerin infusion. Wildsmith et al’® 
demonstrated a similar decrease in Pao, in patients 
during sodium nitroprusside-induced hypotension, 
which was attributed to an increase in ventilation- 
perfusion (V/Q) scatter. The variations of the V/Q 
scatter were probably the result of direct pulmonary 
vascular bed dilation. We speculate that this same 
change occurred in our study with nitroglycerin. 

In conclusion, our study indicates that the intrave- 
nous administration of nitroglycerin during phenyl- 
ephrine-induced hypertension rapidly lowers mater- 
nal arterial blood pressure with an accompanying 
partial increase in uterine blood flow and improve- 
ment in fetal arterial pH. It would appear that nitro- 
glycerin may have a place in the prevention and 
treatment of acute hypertension and decreased uterine 
blood flow when associated with alpha-adrenergic 
stimulation during anesthetic and surgical manipula- 
tions in the parturient. 
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Pulmonary Dysfunction following Traumatic Quadriplegia 


A prospective study of the pulmonary complications occurring in 22 consecutive patients admitted 
to a hospital within 24 hours after acute traumatic quadriplegia was compared with che findings of a 
retrospective survey of 22 comparable patients. Patients in the prospective group received therapy 
designed to prevent or reverse secretion retention. All patients in this group survived. In the 
retrospective group there were nine deaths; pulmonary complications and the need for tracheal 
intubation and mechanical ventilation were three times more frequent. Serial pulmonary function 
testing in the prospective group demonstrated a greater compromise of expiration than inspiration 
and progressive improvement in diaphragm function with time. Vigorous pulmonary therapy in the 
prospective group was associated with increased survival, a decreased incidence of pulmonary 
complications, and a decreased need for ventilatory support. (McMichan JC, Michel L, Westbrook 
PR: Pulmonary dysfunction following traumatic quadriplegia: recognition, prevention, and treatment. 
JAMA 243:528 -531, 1980) 
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CLINICAL 
reports 


Treatment of Reflex 
Sympathetic Dystrophy 
with Regional Intravenous 
Reserpine 


Honorio T. Benzon, MD,* 
Christina M. Chomka, MD,ft and 
Edward A. Brunner, MD, PhDt 


The treatment of reflex sympathetic dystrophy usu- 
ally involves a series of sympathetic blocks and phys- 
ical therapy. Not all patients respond completely to 
this treatment. We describe two patients whose re- 
sponse to sympathetic blocks was unsatisfactory but 
who had good results with regional intravenous re- 
serpine. 


Case Reports 


Case 1 


A 36-year-old man had low back and sharp stabbing 
right leg pain for 9 years. One year ago, he started to 
experience continuous burning pain in his right leg accom- 
panied by hyperesthesia, hyperhidrosis, episodic swelling, 
and slowly healing recurrent ulceration of the foot. The 
involved skin had a smooth and glossy appearance. The 
hyperesthesia progressively worsened so that he was not 
able to tolerate contact of a bed sheet with his right foot. A 
slight puff of air, if unanticipated, caused involuntary with- 
drawal and grimacing. A myelogram revealed an L4-L5 disc 
lesion, Diagnosis was that of the low back pain secondary 
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to herniated disc with superimposed éausalgia. Laminec- 
tomy and removal of the herniated disc were followed by 
relief of the back and sharp leg pain but with persistence of 
the causalgic symptoms. Oral therapy with propanolol fol- 
lowed by a combination of phenytoin and carbamazepine 
did not relieve the pain. Transcutaneous nerve stimulation 
aggravated the symptoms. Lumbar paravertebral sympa- 
thetic blocks under fluoroscopy performed twice at another 
hospital provided only mild relief. The patient was referred 
to us for further therapy. Intravenous regional reserpine 
was recommended and performed in the following manner: © 
the right lower extremity was elevated for 2 to 3 minutes 
then wrapped with an elastic Esmarch bandage to the 
midthigh where a tourniquet was placed and inflated to 500 
mm Hg. The elastic bandage was then removed. Reserpine 
(2.5 mg diluted in 100 ml of normal saline) was injected 
through a previously inserted intravenous catheter. The 
tourniquet was left inflated for 20 minutes after which it 
was released slowly without adverse cardiovascular effects. 
The skin temperature at the dorsum of the foot rose from 
30 C to 37 C over the next hour. There was an increase in 
intensity of the burning pain for 5 to 10 minutes after the 
injection, but 4 hours later the patient had complete relief 
of pain and disappearance of the marked hyperesthesia 
lasting until the present time, 3 months after the treatment. 


Case 2 


A 75-year-old woman had a long arm cast applied to her 
left arm for treatment of a Colles fracture. Continuous 
burning pain, hyperesthesia, and decreased range of motion 
developed within a few days of cast application. Signs of 
autonomic dysfunction (coldness, increased sweating of the 
hand, and acrocyanosis) were present. X-ray showed exten- 
sive demineralization of the bone. Transcutaneous nerve 
stimulation aggravated the pain. A series of five stellate 
ganglion blocks was followed by disappearance of the hy- 
peresthesia, cyanosis, and increased sweating, but burning 
pain continued, though confined to the fingertips. There 
was 5096 resolution of the hand edema. Physical therapy 
produced a significant increase in the patient's tolerance to 
exercise but failed to relieve the residual edema and burning 
pain at the fingertips. The patient refused further stellate 
ganglion blocks but consented to regional intravenous re- 
serpine. This was performed as in patient 1. Reserpine, 1.25 
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mg d:luted in 50 ml of normal saline, was injected intrave- 
nously with the tourniquet placed at the left upper extremity 
inflated to 220 mm Hg for 20 minutes. Treatment resulted 
in a gradual increase in skin temperature measured on the 
dorsum at the left hand from 30 C to 34 C during the 1st 
hour. A week later, the swelling was markedly reduced and 
the palmar skin creases were noticeable for the first time. 
Five months after the intravenous regional reserpine, the 
burning pain is confined to the tips of the fourth and fifth 
fingers and the patient is undergoing further physical ther- 


apy. 


Discussion 


Reflex sympathetic dystrophy is usually associated 
with previous nerve injury, trauma, cerebrovascular 
accident, myocardial infarction, or other diseases.’ 
Signs and symptoms include hyperesthesia, nonder- 
matomal burning pain, vasomotor and sudomotor 
disturbances, and trophic changes of the skin, mus- 
cles, bones, and joints.” The mechanism that produces 
the condition remains unknown. A commonly ac- 
cepted theory is the perpetuation of abnormal firing 
patte-ns in the internuncial neuron pool in the spinal 
cord. This activity spreads to neurons in the lateral 
and ventral horns producing skeletal muscle spasm 
and sympathetic hyperactivity.” A series of sympa- 
thetic blocks accompained by an intensive physical 
therapy program has been the recommended treat- 
ment for the disease. The usual response to the blocks 
is a progressive increase in the duration of pain relief 
with resolution of the vasomotor signs. 

Injection of intra-arterial reserpine has been per- 
formed for treatment of Raynaud's phenomenon but 
with only short-term benefit? Improvements up to 13 
months have been described when injections have 
been repeated.* Blood pressure and pulse rate do not 
change after intra-arterial injection of reserpine when 
the patient remains supine but orthostatic hypoten- 
sion with pallor, nausea, sweating, and fainting may 
occur for 2 to 12 hours after injection.*? Regional 
intravenous guanethidine for relief of Sudeck's atro- 
phy has been performed with good results.) This 
approach has been expanded to include treatment of 
other disorders of sympathetic activity, digital reim- 
plantation, and arterial insufficiency with intravenous 
regional guanethidine.’ Intravenous regional reser- 
pine has also been used to treat a patient with Ray- 
naud’s phenomenon, producing relief of pain which 
lasted for a month.® Reserpine reduces the re-uptake 
of catecholamines while guanethidine accumulates in 
and displaces norepinephrine from intraneuronal 
storage granules.” 


It sheuld be noted that the effect of transcutaneous 
nerve cimulation in reflex sympathetic dystrophy is 
not unform. Both successful treatment” as well as 
aggravation of symptoms! have been reported. Al- 
though transcutaneous nerve stimulation has been 
shown mot to alter selected autonomic function in 
patients with chronic pain (excluding causalgia)," it 
reduces sympathetic tone in human volunteers." 
When 2mployed, its use shoulc be discontinued if 
found © be ineffective or to aggravate the patient's 
pain. 

The patients we described had excellent responses 
to intravenous reserpine and demonstrated that such 
technique is safe. The absence of cardiovascular 
changes as compared to the intra-arterial injection of 
reserpire can be explained by possible fixation of 
reserpire to the tissues by the time the torniquet is 
releasec. Nevertheless, we recommend monitoring of 
blood pressure and electrocardiogram with resusci- 
tation equipment available when performing this pro- 
cedure. Although the benefit from intra-arterial re- 
serpine is usually short-lived, both patients show that 
the effe-t can be long lasting. We still perform sym- 
pathetic blocks for diagnosis and treatment of sym- 
pathetic dystrophies, but we consider that intravenous 
regiona. reserpine therapy warrants further use and 
should probably be selected for the following: (1) 
patients who refuse a series of regional sympathetic 
blocks cr exhibit bizarre reactions after the block, and 


(2) patients who consistently obtain relief of pain 


from sympathetic blocks but in whom prolongation 
of pain -elief with successive blocks does not occur. 
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Ventricular Dysfunction in Thermal Injury 


The elevated cardiac output and pulmonary artery hypertension (PAH) observed in thermal injury 
offer a unique opportunity to study the effects of a combined pressure-flow load on the right ventricle 
in previously healthy persons. Potential responses include a diminished right ventricular ejection 
fraction (RVEF), increased right ventricular end-diastolic volume index (RVEDVI), and augmented 
myocardial oxygen consumption because of increased systolic wall tension. These factors were 
investigated in 15 nonhypoxic patients without sepsis having 15 to 75% body surface area burns, 
using pulmonary artery catheters and the thermodilution technique. All patients increased their 
cardiac output in response in fluid resuscitation, but six patients with an elevated mean pulmonary 
artery pressure (>20 mm Hg) and increased pulmonary vascular resistance (21.2 mm Hg/min/L) had 
right ventricular dysfunction as evidence by an increase (188 + 15 ml/m^) in RVEDVI and a decreased 
(0.26 + 4 ml/m?) RVEF. Patients without PAH had a smaller RVEDVI (115 + 4 ml/m’) and larger 
RVEF (0.39 + 0.02). Patients with PAH and right ventricular dysfunction were older, had larger body 
surface area burns, lower systemic diastolic artery pressures (63 + 4 mm Hg), and higher heart rates 
(114 + 7 beats/min); right ventricular end-diastolic pressures were minimally elevated (9.5 + 1.4 mm 
Hg). The decrease in RVEF and increase in RVEDVI may limit the hemodynamic response to fluid 
volume replacement and survival. (Martyn JAJ, Snider MT, Szyfelbein SK, et al: Right ventricular 
dysfunction in acute thermal injury. Ann Surg 191:330 -335, 1980) 
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A Transverse Tabletop 
for Neurosurgical 
Operations with the 
Patient in the Lateral 
Sitting Position 


Francisco Garcia-Bengochea, MD,* an 
Edwin S. Munson, MD} mE 


For neurosurgical procedures in the posterior fossa 
and the cervical and upper thoracic spine on anesthe- 
tized patients in the sitting position, the lateral sitting 
position offers the distinct advantage over the con- 
ventional sitting position of permitting rapid and easy 
changes from the sitting to the lateral horizontal po- 
sition and vice versa.'"* This flexibility gives the anes- 
thesiologist and the surgeon an effective means for 
intraoperative regulation of gravitational gradients be- 
tween the head and heart as required by possible 
intraoperative events such as, for example, arterial 
hypotension. 

Since our work in 1976,3 we have made several 
modifications in equipment and methods. Of these 
changes, the introduction of the transverse tabletop is 
the most significant. Instead of the backrest and foot 
attachment previously described, we now use a table- 
top that attaches transversely to the conventional 
tabletcp of the American Sterilizer Company 1080 
model operating table. Before we began to use the 
transverse tabletop we placed the patient in the supine 
position on a conventional operating table for inser- 
tion of intravascular catheters, application of moni- 
toring equipment, induction of anesthesia, tracheal 
intubation, and application of skull clamp. The op- 
erating table was maximally flexed and the back 
section elevated to about 80 degrees. The patient was 
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then rotited 90 degrees so as to be perpendicular to 
the long axis of the operating table. With use of the 
transver..e tabletop, this longitudinal rotation of the 
anesthetzed patient is no longer necessary. This is 
especially valuable in positioning obese or very large 
adults. This communication describes the new modi- 
fications with emphasis on the transverse tabletop. 


New Tabletop Assembly 


The rew tabletop is composed of three separate 
sections-the back, the seat, and the foot. The new seat 
is fixed transversely by a specially designed clutching 
device (Details of this as well as of the other modifi- 
cations vill be sent on request. The parts and equip- 
ment involved in the modifications described are 
custom-made and are not commercially available.) to 
the seat section of the original operating table (Fig 1, 
A and EL 

The acditional seat section, and thus the remaining 
sections Df the new tabletop, is oriented according to 
the side {right or left) on which the patient is to lie 
(Fig 1, A and E). We make this selection on the basis 
of locatien of the neurologic lesian so the operative 
field will remain uppermost in case we need to move 
the patient from the lateral sitting to the lateral hori- 
zontal pcsition intraoperatively. For midline lesions, 
we choose the left lateral sitting position. The anes- 
thesiolog.st approaches the patient from the side on 
which th= patient is to lie, 

To the new seat section, the ccrresponding addi- 
tional back and foot sections are attached and secured 
with screws. The standard, flat head-support of the 
conventicnal tabletop is transferred to the back sec- 
tion of tre new tabletop as shown in Fig 1, A and E. 


Modif cations of Conventional Operating 
Table 


Sectiors of the radiologic tabletop and the kidney 
bar with ts handle and gear mechanism are removed 
from the -onventional table and are saved since they 
can be re.ttached if needed for future use. A segment 
on the kack of the circular metallic plate on the 
telescopirg central column nearest to the H-frame is 
removed. These changes do not affect the stability of 
the table but permit a few additional degrees of 
motion vhen bringing the patient from an almost 
vertical position to a lateral horizontal position. 

Our enzineers modified the foot pedal that elevates 
(or lowers) the H-frame so that the pedal can be 
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FiG 1. Diagram of the main steps for placing patients into the 
left (A to D) or the right (E to H} lateral sitting position. The 
operating table and its conventional tabletop (A and E) are 
viewed from their foot ead. The foot section has been lowered 
90 degrees and the completed transverse tabletop is shown 
attached to the seat section of the conventional tabletop. The 
foot pedal to raise or lower the chassis is also shown after it has 
been rotated to the selected side. 


rotated 100 degrees toward either the right or the left, 
thus it is more conveniently reached by the surgeon 
(Fig 1). The gear that controls the standard, flat head- 
support of the original tabletop also has been modi- 
fied so that it may serve as an arm and handrest for 
the surgeon at any angle within a range of 160 degrees. 
When the foot section is lowered 90 degrees, the 
operating table is then ready to receive the new 
tabletop as described above. 


Positioning the Patient 


After the new tabletop is cushioned, the patient is 
placed supine upon it. Following the insertion of 
intravascular catheters, induction of anesthesia, en- 


ANESTHESIA AND ANALGESIA 
Vol 58, No 7, July 1980 


504 


dotracheal intubation, and placement of necessary 
monitoring devices, we apply the skull-clamp to the 
patient's head (Fig 1, B and F). We insert the skull- 
clamp attachment into the slots designed for the 
standard flat head-support on the back section of the 
conventional tabletop, which has been elevated to 
approximately 80 degrees from the horizontal plane 
(Fig 1, C and G). We are then ready to elevate the 
head and trunk of the patient to the chosen position. 
We give maximum “flex” to the conventional ta- 
bletop and coordinate this motion simultaneously 
with a proportional angle to a reverse Trendelenburg 
tilt so that the new tabletop remains almost horizontal. 
We incline the seat of the tabletop about 5 degrees 
toward the back section of the conventional tabletop. 
During elevation of the head and trunk the skull- 
clamp is held by an assistant while others manually 
push up the back of the new tabletop in a step-wise 
manner, to elevate the patient’s trunk and head. The 
back secticn should rest supported by the gear mech- 
anism of the new back seat at each step while the 
anesthesio:ogist monitors the patient's circulatory re- 
sponses. If no undesirable effects are detected, the 
process continues to the desired elevation, usually 
approximately 80 degrees from the horizontal plane. 
We then recline the original flat head-support, 
which has been fixed to the new back section, connect 
the skull-clamp to its attachment on the back of the 
conventional tabletop, and tilt the chassis approxi- 
mately 20 degrees toward the patient's dorsum (Fig 1, 
D and H). This maneuver provides reciprocal upward 
displacement of the lower extremities. We use addi- 
tional cushions under the legs to produce further 
elevation. Side rests are fixed to the new foot section 
and cushions are placed between the side rests and 
legs, and between the legs and feet (Fig 2). A strap 
ties the midportion of the legs to the side rests. This 
prevents displacement of the lower extremities if the 
patient is turned to the lateral horizontal position. 
The positioning of the head in the selected incli- 
nation and rotation, as well as the preparation and 
draping of the surgical field, are as described previ- 
ously.? 


Discussion 


The removal of the kidney bar and gear increases 
the regular flex motion of the operating table from 17 
to 29 degrees. The chassis of the old American Steri- 
lizer operating table (model 1080) permits 50 degrees 
of Trendelenburg tilt. This degree of inclination is 
increased to 55 degrees by the severance of the pos- 
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Fia 2. View from patient's foot end showing arrangements for 
feet and legs. Patient is in the right lateral sitting position. 
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Fig 3. Empty table after it has been reclined from an almost 
vertical sitting position to a practically lateral horizontal position 
by manipulation of the Trendelenburg handle only. At the end of 
this mojon, the head and back sections lie automatically at a 
slightly lower level than the foot section. Position of the patient 
can be easily imagined. 





Fig 4. Drferences in the motions for positioning the patient into 
the left la&ral sitting position before (A to C) and after (D and E) 
the introduction of the transverse tadletop. With the latter the 
longitudinal rotation of the anesthetized patient is eliminated. 
Similar views for the right lateral sitting position can be easily 
imagined. 


terior segment of the highest circular plate -of the 
telescopng central column of the table. By using 
maximum flex and maintaining the seat section almost 
horizontal (by proportional motion of reverse Tren- 
delenbu-g) and a side tilt of the table chassis toward 
the patient’s dorsum, we can increase the range of tilt 
toward tne horizontal to 80 degrees. The remaining 6 
degrees -o reach the horizontal are compensated by 
the inclination of the side tilt of the table chassis 
which automatically determines the final position 
where tke head is at heart level with the feet slightly 
elevated (Fig 3). This magnitude of change cannot be 
achieved with the newer table model (2080). We feel 
that this table model is inadequate for our method 
since its chassis permits only 20 degrees of head- 
down tilk? 

Using the transverse tabletop, it is no longer nec- 
essary tc longitudinally rotate the anesthetized pa- 
tients through 90 degrees to place them into the lateral 
sitting pcsition (Fig 4, À to C). This makes positioning 
much simpler than that described previously" and is 
especiall~ valuable with obese or very large adults. 
Prior to duction of anesthesia the patient is trans- 
ferred to zhe operating table and placed lengthwise on 
the new tabletop with the patient's sagittal plane 
parallel to the long (sagittal) plane of the new tabletop 
(Fig 4, D and E). This orientation is perpendicular to 
the sagital or long axial plane of the conventional 
tabletop. With our technique, the manipulation of 
only one of the table's handles for change into Tren- 
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delenburg’s position permits the patient to be brought 
quickly and easily from an almost vertical head-ele- 
vation to a lateral horizontal position. Adequate access 
to and control of the surgical field and sterility during 
surgery are maintained without interruption. 

Martin? has commented, "As experience with this 
technique for arranging the sitting position becomes 
more Widespread, its versatility may make it the 
method of choice." Ín our opinion, whether this ex- 
perience becomes more widespread will depend 
mainly on whether the basic concepts that underlie 
the versatility of our technique are acknowledged by 
the manufacturers when they design new operating 
tables and accessories. The improved equipment 
would then be commercially available to those inter- 
ested in having the capability for adequate intraoper- 
ative control of gravitational gradients between the 
head and the heart of the anesthetized patient in the 
sitting position. 
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The Heart in Chronic Alcoholism 


The echocardiogram and systolic time intervals were used to evaluate cardiac function in 73 chronic 
alcoholic subjects without symptoms of heart disease. All were less than 45 years of age and none had 
arterial hypertension or history of heart disease. The echocardiograms of chronic alcoholics revealed 
increased thickness of the left ventricular wall (10.4 + 1.05 mm, normal control subjects 8.76 + 0.86 
mm, p « 0.001), interventricular septum (11.71 + 1.33 mm, normal control subjects 9.63 + 1.24 mm, 
p < 0.001) and markedly increased left ventricular mass (145 + 32 g/m’, normal control subjects 101 
+ 20.7 g/m^, p < 0.001). The echocardiographic indices of myocardial contractility (ejection fraction, 
wall excursion and velocity, circumferential fiber shortening) were normal. Systolic time intervals 
revealed shortening of ejection time and prolongation of the preejection period. It was found that 
approximately half of the asymptomatic alcoholic subjects had left ventricular hypetrophy without 
echocardiographic evidence of decreased myocardial contractility. It is suggested that abnormal 
systolic time intervals may be due to decreased myocardial compliance. (Askanas A, Udoshi M, 
Sadjadi SA: The heart in chronic alcoholims: a noninvasive study. Am Heart J 99:9 -16, 1980) 


ANESTHESIA AND ANALGESIA 
Vol 59, No 7, July 1980 


506 


ANESTH ANALG 
$9:507-508, 1980 


A New Double-Lumen 
Tube Adapter 


Satyanarayana Tanguturi, MD,* 
Levon M. Capan, MD,7 Katie Patel, MD,+ 
and Herman Turndorf, MD§ 


One-lung anesthesia has gained acceptance because 
it isolates normal lung from contaminated lung and 
provides a motionless surgical field." The metal con- 
nectors of the double-lumen tube are usually con- 
nected to the common catheter mount (Carlens' "Y" 
connector) by soft-rubber connectors. Ventilatory iso- 
lation of the lung is performed by clamping the rubber 
connector after disconnecting it from the metal con- 
nector, thus allowing the lung to deflate to atmos- 
pheric pressure. Tracheal or bronchial suction is ac- 
complished through the disconnected metal connector 
of the double-lumen tube. This maneuver, however, 
requires an additional clamp. Existing rubber and 
metal connectors are difficult to attach and detach, 
causing delays in ventilation. In addition, rubber con- 
nectcrs are soft and may kink easily. We have devised 
a “double-lumen tube adapter" which obviates these 
disadvantages. 

Two identical three-way stopcocks were made by 
drilling two adjacent barrels into a duralumin plate 
(5 cm x 2.5 cm x 2 cm) weighing 64 g. Three channels 
were drilled into each barrel (total of six channels) 
forming two symmetrical systems (Fig 1). Channels at 
the machine end of the plate (Fig 1, channel 1) were 
welded to the right and left limbs of the common 
catheter mount. Channels drilled at the patient end of 
the plate (Fig 1, channel 2) received the metal connec- 
tors of the double-lumen tube. The third set of chan- 
nels (Fig 1, channel 3) were left open for suction and 
vent purposes. The axes of the suction/vent channels 
were at 135 degrees and streamlined with the axes of 
the patient channels. A tight-fitting selector knob (Fig 
1) was inserted into each barrel, thus converting it 
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LSK 


Fig 1. Schematic diagrams of the double-lumen tube adapter. 
The left selector knob (LSK) has been removed from its barrel. 
CM, Corrmon catheter mount; SVP, suction/vent port; PP, pa- 
tient por; LP, locking pin; 1, machine channels; 2, patient 
channels 3, suction/vent channels. The right selector knob is 
turned toward suction/vent ports as indicated by the arrow. 


into a three-way stopcock. An external locking pin 
prevented excessive rotation of the selector knob, 
Directicnal markings were etched on each selector 
knob te indicate gas flow direction. The external | 
openings of the suction/vent and patient channels 
were labeled SVP (suction/vent port) and PP (patient 
port), respectively. i 

To use the device the metal connectors of the 
double-umen tube are attached to the patient ports 
of the dəvice (Fig 2) and the common catheter mount 
to the aaesthetic circuit. Turning both selector knobs 
toward the patient ports provides bilateral ventilation. 
When unilateral lung collapse is desired, the corre- 
sponding selector knob is turned toward the suction/ 
vent pom. This automatically shuts off gas flow from 
the circwit to that side and vents the lung to atmo- 
sphere. >uctioning is easily achieved by introducing 
a sucticn catheter through the suction/vent port. 
which is streamlined with the patient port. 

Sever.l authors have devised similar adapters for 
double-kimen tubes. In the mounts described by 
White? and by Welsh and Conn’, suctioning of the 
lung car be accomplished easily since suction ports 
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Fig 2. New double-lumen tube adapter connected to the Car- 
lens’ tube. The right selector knob is turned toward patient port 
and the left toward suction/vent port. A suction catheter has 
been introduced into the left side through the suction/vent port. 


are streamlined with the endobronchial tube opening. 
However, the anesthetic gases arrive at a right angle, 
an arrangement which may produce turbulence. Dur- 
ing clinical use, the suction ports of their devices have 
to be closed by separate metal stoppers. Salt* im- 
proved White’s adapter by replacing the metal stop- 
pers with permanent “on” and “off” taps. This mod- 
ification, however, did not solve the turbulence prob- 
lem. Moreover, all the above mentioned devices are 
difficult to clean. The connector reported by Viljoen’ 
does not require separate metal stoppers. The gases 
enter this adapter through a common funnel: Venti- 
latory isolation is performed by aligning this common 
opening with the desired side. Although deflated lung 
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is suctioned easily, suctioning of the ventilated side 
can only be accomplished by momentarily aligning 
the common opening with the collapsed side. This 
may lead to transient inflation of the operated side. 

Our device provides ventilatory isolation by a sim- 
ple rotation of the selector knob. Ventilation and 
suction of either lung can be performed independ- 
ently of the other. As gas flow channels are of the 
same size as conventional connectors and in line with 
each other, turbulence should be minimal. The selec- 
tor knob can be removed from the barrel for cleaning 
and the whole unit can be gas sterilized. We have 
used this adapter in 20 patients undergoing one-lung 
anesthesia and found it to be simple and convenient. 
A suction catheter can be inserted into the desired 
lung easily without kinking. The adapter can be used 
with both disposable and nondisposable double-lu- 
men tubes. 
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Masseter Spasm After . 
Pancuronium 


Thomas A. Polta, MD,* 

Edward C. Hanisch, Jr, MD,7 
Joseph G. Nasser, DDS,t 

Glenn C. Ramsborg, CRNA, BS,§ 
and Robert I. Roelofs, MD || 


Masseter spasm after succinylcholine has been re- 


ported by a number of authors and is considered an . 


early manifestation of malignant hyperthermia.! Mas- 
seter spasm after a non-depolarizing muscle relaxant 
has not been previously reported. We recently ob- 
servec development of masseter spasm in a young 
man after pancuronium and were able to demonstrate, 
using electromyography, that the spasm represented 
a contracture response. We report this case to call 
attention to this phenomenon and to describe the 
benign course experienced by our patient. 


Case Report 


A 20-year-old, 70-kg, white man with congenital aortic 
stenosis was admitted for corrective surgery. He had had an 
aortic valvulotomy in 1973 without complication. He was 
mildly mentally retarded with poor perceptual and manual 
coordiration skills, but nonetheless had graduated from 
high school. He had had at least two seizures of unknown 
type in the past. 

Physica! examination revealed a well-developed, well- 
nourished white man with peculiar facies and a loud mur- 
mur of aortic stenosis. He had bilateral simian creases. 
Neurologic examination was normal except for mild dys- 
metria, i.e., difficulty with rapid finger-to-finger and with 
finger-to-nose movement. He was able to open his mouth 
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widely aad subluxate his mandible. The larynx did not 
appear to lie abnormally anterior. 

Recent cardiac catheterization had revealed a gradient 
across th: aortic valve of approximately 100 mm Hg. EEG 
and comy uted tomography of the brain were normal. He- 
moglobin level was 16.1 g/100 ml. Serum sodium was 144 
meg/L, potassium 4.3 meq/L, calcium 9.5 mg/100 ml, chlo- 
ride 109 -neq/L, bicarbonate 27 meq/L, urea nitrogen 12 
mg/100 ral, and creatinine 0.9 mg/100 ml. 

Upon fhe advice of a neurologist, phenytoin was begun 
2 days przoperatively as a precautionary measure and was 
continuec into the postoperative period. 

The paient was premedicated with 100 mg of secobar- 
bital, 50 mg of hydroxyzine, and 0.6 mg of atropine intra- 
muscularky prior to transfer to the operating room. There 
he received intravenously 10 ml of Innovar, 475 mg of 
thiopenta, and 10 mg of pancuronium over a period of 15 
minutes v-hile being ventilated with 100% Os. An endotra- 
cheal tub» was then passed through the left nares and 
advanced into the trachea by direct laryngoscopy. 

The anssthetist performing the intubation noted tension 
in the jaw muscles during the laryngoscopy, but the vocal 
cords wer» relaxed. Over the next several minutes, the jaw 
muscles kecame more tense and the mouth more difficult 
to open. Zn additional 4 mg of pancuronium plus 15 mg of 
d-tubocuzarine were administered without noticeable effect 
on the jav muscles. No further relaxants were given. 

Ventilaion was unimpaired. Transcutaneous electrical 
stimulation over the temporal branch of the facial nerve 
showed n« evidence of neuromuscular transmission. Blood 
pressure znd pulse remained stable and body temperature 
was normal. Arterial blood gases revealed no abnormality 
of ventilat on or acid-base status. 

Ventilaion was controlled and NsO was administered at 
3 L/min with 2 L of Os. Aortic valvulotomy was performed 
with cardfpulmonary bypass; bypass was terminated eas- 
ily; and the incision was closed without incident. Anesthesia 
time was : hours and 15 minutes. 

The patent was transferred still intubated to the recovery 
room whee ventilation was assisted mechanically. On ar- 
rival in recovery room, neuromuscular blockade persisted 
as confirmed by peripheral nerve stimulation. Recovery 
from aneszhesia and return to apparently normal neuro- 
muscular £anction progressed normally, and the patient was 
weaned frem ventilatory support and extubated at 3:30 a.m. 
on the firs- postoperative day. 

Later that day, the patient was returned to the operating 
room for semoval of a left atrial catheter. At this time, he 
was mildl- febrile (rectal temperature 101 F), but he was 
cardiovascilarly stable. He was alert and appeared to be 
doing well 

The second operation was under:aken without premed- 
ication. Tv-o ml of Innovar and 300 mg of thiopental were 
given intrevenously. Following induction of anesthesia, a 
peripheral nerve stimulator was applied over the left ulnar 
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nerve just proximal to the wrist; normal twitch and tetanic 
responses were noted. These responses faded and disap- 
peared within 5 minutes after intravenous administration of 
8 mg of pancuronium. Orotracheal intubation was per- 
formed urder direct vision with difficulty due to tightness 
of the jaw muscles. 

An EMG recorded from needle electrodes inserted into 
the masseter muscles 20 minutes after injection of the 
pancuronium demonstrated the usual paucity of muscle 
action potentials seen during pharmacologic neuromuscular 
blockade. The jaw muscles remained rigid. The left ulnar 
nerve was then stimulated electrically via an electrode in- 
serted in the ulnar groove at the elbow, and a propagated 
nerve action potential was. recorded at the wrist. However, 
there was no observable activity of the intrinsic muscles of 
that hand, and needle electrodes inserted into the hypothe- 
nar muscles recorded no muscle action potentials upon 
stimulation of the nerve. These observations indicate that 
neural transmission was intact and that complete pharma- 
cologic neuromuscular blockade existed. After manipula- 
tion of the left hand dd this recording, it too became 
clenched. 

The patient's condition remained stable. Ventilation was 
easily controlled with N2O-O:. Arterial oxygenation and 
acid-base status were normal. Temperature remained at 


approximately the preoperative level. The sternotomy in- : 


cision was reopened and the left atrial catheter retrieved 
without difficulty. À biopsy of the rectus abdominis muscle 
was taken, and the incision closed. Anesthesia time was 2 
hours and 15 minutes. 

The patient was again transferred still intubated to the 
recovery room where ventilation was mechanically assisted 
for a brief period. Three and a half hours after termination 
of anesthesia, he appeared fully alert and had normal 
muscular control. He was extubated without incident. 

Postoperatively he was able to open his mouth widely 
and complained of no abnormal muscle soreness. Serum 
CPK and Ca°* levels were normal. The muscle biopsy 
appeared normal under light microscopy. The patient was 
discharged home on the ninth postoperative day and has 
done well. No further surgery is contemplated. 


Discussion 


Muscie shortening or the development of tension 
by a muscle fiber is normally due to contraction of 
that muscle fiber. In special circumstances, shortening 
or the development and maintenance of tension oc- 
curs due to other mechanisms. The other mechanisms 
occasionally encountered are contracture and rigor. 
To discuss the phenomenon described in this paper 
we need to bear in mind the differences between 
contraction, contracture, and rigor. 

Contraction is the mechanical response of a muscle 
fiber to a propagated action potential such as occurs 
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during voluntary or reflex motor activity. Contrac- 
tions are relatively nen in duration, are reversible, 
and are propagated,” Abnormal muscle contractions 
are occasionally seen subsequent to droperidol’ or 
fentanyl* administration (i.e., extrapyramidal move- 
ments and the "stiff chest" syndrome), but these are 
of central origin and are abolished by pharmacologic 
neuromuscular blockade.*? They are quite different 


from the phenomenon our patient displayed. 


Contractures are contractile responses that are pro- 
longed, reversible, and nonpropagated.” Contractures 
can be induced in isolated muscle fibers by exposure 
to a wide variety of chemicals. Contractures occur in 
humans who suffer from myophosphorylase defi- 
ciency (McArdle’s syndrome)’ or phosphofructoki- 
nase deficiency.® Brody described a patient in whom 
contractures occurred apparently as a result of a def- 
icit of “relaxing factor.'? Patients with myotonic dis- 
orders are also reported susceptible to contractures.'? 

Rigor is sustained, irreversible muscle spasm that 
occurs when energy stores are depleted to such an 
extreme degree than relaxation is impossible. This 
happens because energy is not available to return. 
Ca** from the sarcoplasm back into the sarcoplasmic 
reticulum." The presence of high concentrations of 
Ca^* causes myofibrils to retain a shortened confor- 
mation, e.g., rigor mortis. 

Rigidity associated with succinylcholine is observed 
in association with two thirds of cases of malignant 
hyperthermia in humans.'^ Masseter spasm after suc- 
cinylcholine thus often heralds a crisis of malignant 
hyperthermia.’ Orndahl presents data suggesting 
such rigidity as an example of contracture, but elec- 
tromyogram (EMG) documentation in humans has 
yet to be reported. 

The occurrence of masseter spasm after pancuro- 
nium has not been previously reported. This may 
indicate that the phenomenon is extremely rare. Con- 
ceivably, it may also indicate the benignity of the 
phenomenon, and be noticed only as "difficult intu- 
bation." 

We conclude that masseter spasm after pancuro- 
nium need not herald catastrophy, but we suggest 


that patients who develop this response be monitored 


very carefully in the postoperative period. 

In summary, a young adult developed masseter 
spasm during general anesthesia after he had received 
large doses of pancuronium. EMG recording demon- 
strated that he had developed contractures of his 
masseter muscles. Clinical evaluation revealed no 
other indication of myopathy nor any derangement 
of neuromuscular transmission. 


CLINICAL REPORTS 


REFERENCES 


. Don’on JV, Newfield P, Sreter F, et al: Implications of masseter 
spasm after succinylcholine. Anesthesiology 49:298-301, 1978 
. Sancow A: Contracture responses of skeletal muscle. Am J 
Phys Med 34:145-160, 1955 

. Patton CM Jr: Rapid induction of acute dyskinesia by droper- 
idol. Anesthesiology 43:126-127, 1975 

. Askgaard B, Nilsson T, Ibler M, et al: Muscle tone under 
fentanyl-nitrous oxide anesthesia measured with a transducer 
apparatus in cholecystectomy incisions. Acta Anaesth Scand 
21:1-4, 1977 

. Holderness MC, Chase PE, Dripps RD :A narcotic analgesic 
and outyrophenone with nitrous oxide for general anesthesia. 
Anesthesiology 24:336-340, 1963 

. Gasser H5: Contractures of skeletal muscle. Physiol Rev 10:35- 


10. 


Eb 


12. 


109, 1930 


. McArdle B: Myopathy due to a defect in muscle glycogen 


breakdown. Clin Sci 10:13-35, 1951 


. Layzer RB, Rowland LP, Ranney HM: Muscle phosphofructo- 


kinase deficiency. Arch Neurol 17:512-523, 1967 


. Brody IA: Muscle contracture induced by exercise : a syndrome 


attributable to decreased relaxing factor. N Engl J Med 281: 
187-192, 1969 

Ormdahl G: Myotonic human musculature: stimulation with 
depolarizing agents ll a clinico-pharmacologic study. Acja Med 
Scand 172:753-765, 1962 

Guyton AC: Textbook of Medical Physiology. Philadelphia, 
WB Saunders Co, 1976, pp 130-147 

Britt BA, Kalow W: Malignant hyperthermia: a statistical re- 
view. Can Anaesth Soc J 17:293-315, 1970 


Bowel Blood Flow during Anesthesia and Surgery 


The effect of anesthesia and laparotomy on the distribution of blood flow to the different tissue 
layers of the stomach, small bowel, and colon of the dog was studied using a double-isotope, 
microsphere technique. In conscious dogs total jejunal flow significantly exceedec both ileal and 
colonic flow. Mucosal flow comprised about two thirds of total gastric and small bowel flow, but less 
than half of colonic flow. Fifteen minutes after induction of anesthesia, there was a marked increase 
in flow to all levels of the alimentary tract, as well as to each tissue layer. This increase was transient, 
since by 1 hour flow to all gut levels had decreased nearly to baseline levels. Laparotomy per se did 
not significantly alter blood flow to the full thickness or mucosal layer of either stomach, small bowel, 
or colon. These findings indicate that future studies of gut function or blood flow should be performed 
in conscious animals or in anesthetized animals only after complete cardiovascular stabilization. 
Neither laparotomy nor anesthesia caused a redistribution of flow away from the mucosal layers. The 
observation that patients have often stopped bleeding at the time of operation for uncontrolled 
hemorrhage cannot be explained by an anesthetic effect on bowel blood flow. (Bond JH, Prentiss RA, 
Levitt MD: The effect of anesthesia and laparotomy on blood flow to the stomach, small bowel, and 
colon of the dog. Surgery 87:313 -318, 1980) 
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Rapid Warming of Stored 
Blood Causes Formation 


of Bubbles in the 


Intfavenous Tubing 
Takashi Mashimo, MD 


? 


It is well known that rapid transfusion of a large 
amount of cold stored blood causes various compli- 
cations such as a decrease in cardiac output, arrhyth- 
mias, a decrease in body temperature, and a tempo- 
rary increase in serum potassium concentration. To 
prevent these side effects encountered in massive 
transfusion, use of blood warmers has been recom- 
mended. Rapid warming of cold stored blood may, 
however, present other problems. 

When cold blood stored at 4 C is rapidly warmed 
toward body temperature by use of a warmer, the 
temperature change of about 30 C is accompanied by 
changes in solubility coefficients of gases existing in 
the blood. Air bubbles will thus be formed in an 
intravenous tubing and will be infused into the patient 
along with the blood. Infused air bubbles can cause 
various problems. A large quantity of infused air may 
cause obstruction of the outflow tract of the right 
ventricle followed by reduction of pulmonary blood 
flow, and circulatory collapse.! Furthermore, fibrin 
may be formed on the air-blood interface of the right 
ventricle and then be deposited in the smaller 
branches of the pulmonary artery.” Clark et al? de- 
scribed a significant decrease in circulating platelets 
caused by air embolism. In the case of a small quantity 
of infused air, the air bubbles will be trapped in the 
pulmonary arterial branches. Platelets may aggregate 
on the air-blood interface of pulmonary arterial ves- 
sels. The passage of air bubbles may also cause pres- 
sure damage to endothelial cells in the pulmonary 
vasculature,! resulting in deposits of fibrin on the 
walls of the vessels. This may proceed to the forma- 
tion of microthrombi and subsequent thromboem- 
bolism. Although minute venous air emboli are not 
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always associated with major clinical problems, pa- 
tients with intracardiac right-to-left shunts may be at 
particular risk of complications.” In these patients, 
venous air embolism to cerebral or other systemic 
arteries may take place. 

The purpose of this study was to measure the 
volume of gas produced in cold stored blood when 
warmed to body temperature. 

The Figure shows a minor modification made in 
the intravenous transfusion system by use of a mi- 
crodrop chamber, extention tubes, and a heat ex- 
change coil. In this way, air bubbles formed in the 
heat exchange coil were collected into the air phase of 
a microdrop chamber. After transfusion, the volume 
change of air in a microdrop chamber was measured. 
Eight patients undergoing surgery were studied by 
this method during the transfusion of blood. Whole 
blood stored in bottles was transfused in all cases. 

The total volume of transfused blood was 950 + 
290 ml (mean and SE), and an average of 3.5 ml of 
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FIGURE. Intravenous transfusion system modified to trap air 
bubbles. 


CLINICAL REPORTS 


gas per 500 ml of stored blood was produced during 
warm:ng of blood. 

The Bunsen solubility coefficients at 4 C and 37 C 
for Ns, Os, and CO; are summarized in the Table.? 
The Qe solubility coefficients in whole blood and the 
CO» solubility coefficients in plasma are slightly 
lower than those in water.” ° The solubility coefficient 
for CO: is so high that CO» gas will remain dissolved 
in blood at all temperatures below 37 C at a partial 
pressure below 760 torr. On the other hand, the 
solubility coefficient for Nz is so low that the excess 
nitrogen gas will form bubbles when blood is warmed. 
The partial pressures of O and CO» in stored ACD 
blood at 37 C were measured and found to be 43.4 
torr and 178.3 torr, respectively. Therefore, it is as- 
sumec that nitrogen, the remaining gas, is the largest 
constituent among dissolved gases of stored blood. 


On the assumption that only nitrogen gas is dissolved 


in stored blood at atmospheric pressure, the volume 
of nitrogen gas produced from the stored Blood as 
result of warming from 4 C to 37 C can be calculated 


TABLE 
Bunsen Solubility Coefficients at 4 C and 37 C° 
N3 O; CO 
4 C, (760 torr) 0.02135* 0.04397 * 1.473* 
37 C, (760 torr) 0.01227* 0.02386" 0.567* 
37 C, (760 torr) 0.0223T 0.515f 


* Mililiters of gas per milliliter of H2O. 

T Milliliters per milliliter of blood (15 g of hemoglobin per 100 
mi). 

t Milliliters per milliliter of plasma. 


at 4.5 m./500 ml of blood [(0.02135 — 0.01227) X 500 
= 4,54 mil]. The calculated value is larger than the 
measured one. This difference is explained by the fact 
that stored blood is equilibrated below atmospheric 
pressure in transfusion bottles. _ 

In surumary, rapid warming of cold stored blood 
can produce air in the intravenous tubing and possibly 
cause mxroembolism. Use of a reservoir for trapping 
air bubbles in the intravenous tubing is recom- 
mended. 
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Malignant Hyperthermia 
in Association with 
Burkitt's Lymphoma: 
Report of a Third Case 


David Eric Lees, MD, 
Prasad L. Gadde, MD, and 
Thomas E. Macnamara, MB, ChB 


Tsueda et al’ first reported intraoperative hyper- 
thermic crises in two children with Burkitt’s lym- 
phoma. The remote probability of two patients having 
both Burkitt’s lymphoma and malignant hyperther- 
mia raised the question of whether these were indeed 
two independently assorting disease states. Tseuda et 
al raised the possibility of a common viral etiology. 
We now report a third case of malignant hyperther- 
mia in association with Burkitt’s lymphoma in an 
adult patient. 


Case Report 


A 27-vear-old white man was admitted to another insti- 
tution for an exploratory Japarotomy because of obstructive 
jaundice and palpable abdominal masses. Three previous 
general anesthetics (agents unknown) had been given with- 
out incident. The patient was adopted and therefore no 
family history was available. Preoperatively the serum cre- 
atine phosphokinase level was 220 IU/L (upper limit of 
normal 180 IU/L). On induction of anesthesia after the 
administration of succinyl-choline, the anesthetic record 
notes “rigors, contractions and vigorous fasciculations"; 
endotracheal intubation was difficult due to poor relaxation. 
Preoperative temperature was 37 C, but temperature was 
not monitored throughout the procedure. A persistent tach- 
ycardia of 140 beats per minute arose after induction; this 
was treated with propranolol and ouabain. A diagnosis of 
Burkitt’s lymphoma was made from a tissue biopsy during 
laparotomy. 

‘The patient was extubated in the operating room. Upon 
arrival in the recovery room, the patient’s temperature was 
39.6 C and a supraventricular arrhythmia was observed. A 
cardiac arrest followed shortly thereafter, and the diagnosis 
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of malignant hyperthermia was made. Aggressive cooling 
and other supportive measures were begun. The patient 
was transferred to an intensive care unit once the temper- 
ature had returned to 37 C. A second creatine phosphoki- 
nase determination 24 hours later was 220 IU/L. 

The patient recovered quickly and was treated with 
chemotherapy as an outpatient for the Burkitt’s lymphoma. 
Four months after the initial surgery, the patient was re- 
ferred to our institution for a bone marrow storage proce-- 
dure {in the event that further chemotherapy became nec- 
essary) and anesthetic evaluation. The bone marrow storage 
procedure was performed under spinal anesthesia with 
intravenous dantrolene available in the event that hyper- 
thermia occurred. Preoperative oral temperature was 37 C 
and creatine phosphokinase was 34 IU/L. A vastus lateralis 
muscle biopsy was performed at the same time. Abnormal 
sarcoplasmic reticulum function was identified on chemi- 
cally skinned, single fiber preparations from the biopsy 
specimen,’.confirming malignant hyperthermia susceptibil- 
ity. No problems were experienced during the anesthetic 
and the patient was discharged from the hospital 1 week 
later. 


Discussion 


Approximately 20,000,000 anesthetics are admin- 
istered annually in this country? The incidence of 
malignant hyperthermia has been estimated at 1 in 
15,000 anesthetics in children and 1 in 50,000 in 
adults.’ Assuming an overall incidence of 1 in 20,000, 
one might expect to see 1,000 cases per year. Accept- 
ing the national population to be roughly 200,000,000, 
the overall attack rate would be five cases of malignant 
hyperthermia per 1,000,000 population. 

The overall incidence for American Burkitt’s lym- 
phoma is roughly one case per 1,000,000 population. * 
The chance of a patient concurrently having both 
disorders, assuming the disorders are independently 
assorting variables, would be 5 in 10°. Three cases in 
less than 2 years exceeds probability and belies in- 
dependent assortment. 

While raising the possibility of a common viral 
etiology, Tsueda et al! recognized that the numbers 
were too small to demonstrate a direct causal relation- 
ship and that viral invasion may have occurred during 
hyperthermia. The other avenue to be explored is that 
of a shared genetic etiology for both. Although the 
exact causes of cancer have not been delineated, 
genetic factors appear to play a role. Specific cytoge- 


* Unpublished data from Clinical Studies Section, Laboratory of 
Viral Carcinogenesis, Carcinogenesis Research Program, National 
Cancer Institute, Bethesda; MD. 
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netic abnormalities are known to occur in Burkitt's 
lymphoma; using newer banding techniques, chro- 
mosomal translocations have been identified between 
chromosomes 8 and 14? The question then arises 
whether malignant hyperthermia might not be the 
result of chromosomal aberrations rather than the 
mendelian inheritance of a distinct gene. It is therefore 
important that additional cases of malignant hyper- 
thermia in association with Burkitt's lymphoma be 
identified and studied. 
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Pulmonary Effects of Vasodilators 


Hemodynamic, respiratory, and blood gas responses to ni roprusside (NP), hydralazine (H), and 
hydralazine combined with isosorbide dinitrate (H + N) -vere studied in 10 patients with left 
ventricular failure. At the dosages used, all three drug regimens increased cardiac output equivalently, 
but pulmonary vascular responses differed. NP and H + N decreased mean pulmonary artery 
pressure, pulmonary wedge pressure, and pulmonary artery resistance, while H did not. NP decreased 
Pao, by 10.4 mm Hg (p < 0.01); H + N decreased it by 5.3 mm Hg (p < 0.06); H did not alter Pao,. 
Arteriolar-alveolar oxygen gradient increased with NP (150 + 3996, p < 0.01) and with H + N (73 + 
2396, p « 0.01) but not with H alone (51 + 16%). Similarly, venous admixture increased on NP (28.7 
+ 3.3% to 38.5 + 3.1%, p < 0.01) and H + N (28.1 + 3.3% to 36.8 + 3.5%, p < 0.01) but not with H 
alone (28.1 + 3.3% to 31.5 + 4.1%). There was no increase in Paco, or change in pulmonary function 
studies with any of the drugs. Due to the increase in cardiac output, oxygen delivery index (cardiac 
output times arterial oxygen content) increased with each regimen despite the changes in Pao, 
Changes in arteriolar-alveolar oxygen gradient correlate witL the changes in pulmonary arteriolar 
resistance. Thus vasodilators which have prominent pulmona-y vascular effects can decrease Pao, in 
patients with congestive heart failure, and this effect is mos likely due to increasing ventilation- 
perfusion imbalance. (Pierpont G, Hale KA, Franciosa JA: =ffects of vasodilators on pulmonary 
hemodynamics and gas exchange in left ventricular failure. Am Heart J 99:208 -216, 1980) 
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Fusion between Catheter 
and Stylet: An Unusual 
Complication of 
Extradural Analgesia 


Shaik M. Deen, MD,* and 
Gertie F. Marx, MD} 


Since the advent of styleted nylon or Teflon extra- 
dural catheters, misdirection of the catheter and other 
catheter-related complications have become rare. Ma- 
jor mishaps have been limited to shearing of the 
catheter by the needle! and to kinking” or knotting’ 
of the catheter. We encountered an unusual technical 
complication which we believe should be brought to 
the attention of the profession. 


Case Report 


A term-pregnant gravida was scheduled for cesarean 
section because of cephalopelvic disproportion. She was 
placed in the right lateral decubitus position in preparation 
for continuous lumbar extradural analgesia. After the usual 
skin cleansing and local infiltration of the puncture site, a 
17-gauge Tuohy needle was inserted at the L4-L5 interspace. 
The extradural space was identified by loss of resistance, 
and a Teflon catheter with metal stylet was threaded in 
cephalad direction. Attempts to remove the stylet from the 
catheter were unsuccessful. A number of subsequent at- 
tempts to pull out.catheter and stylet together were also 
futile until, with vigorous continuous traction, catheter and 
stylet were extracted as a unit. As shown in the Figure, the 
force applied to pull out the stylet, which was fused to the 
catheter, had caused the catheter to form a "shoulder," 
approximately 2 mm thick, preventing easy extraction of 
catheter and stylet through the tissues. During the ultimate 
removal, the catheter tore but was fortunately taken out in 
toto. 


Discussion 


This complication was due to a manufacturing fault. 
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Catheter and stylet were fused so that the stylet could 
not be pulled out. Subsequently, the traction applied 
to the stylet tore the catheter and caused it to pile up 
and form a shoulder which prevented easy removal 
from the extradural space of stylet and catheter as a 
unit. 

The manufacturer's instructions do not include test- 
ing for free mobility of the stylet within the catheter. 
However, based on our experience, we recommend 
that this simple maneuver become part of the routine 
check before administration of an extradural block. 
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Figure. Traction applied to remove the stylet, which was fused 
to the catheter, tore the catheter (bottom) and caused it to pile 
up and form a "shoulder" (top). 


Pressor Responses to 
Naloxone and 
Physostigmine 


To the Editor: 


We read with interest the article by 
Azar and Turndorf.! Although hyper- 
tension following naloxone adminis- 
tration has been reported, hyperten- 
sion in the patient described in this 
article cannot be solely attributed to 
the nzloxone administration. The first 
. record of blood pressure following 
naloxone administration was in the 
recovery room and at this time the 
patient was incoherent and restless. 
Although the authors discount pain 
and anxiety as a cause of hyperten- 
sion, the incoherence and restlessness 
seen in this patient in the recovery 
room may well have been due to pain. 

Secondly, the possibility of phy- 
sostig-nine as a cause of hypertension 
cannot be discounted. The predomi- 
nant cardiovascular effect of antichol- 
inesterases is bradycardia and hypo- 
tension. However, anticholinesterases 
are capable of reinforcing sympa- 
thetic tone and acetycholine-induced 
discherge of epinephrine from the ad- 
renal medulla.^ Ganglionic stimula- 
tion following anticholinesterase ad- 
ministration may result in vasocon- 
striction, tachycardia, and hyperten- 
sion.? Thus, physostigmine can cause 
hypertension although this response 
is unpredictable. With such poly- 
pharmaceutical therapeutic manage- 
ment, no clear-cut cause and effect 
can be established between hyperten- 
sion and naloxone administration. 

Kirit Patel, MD 

Assistant Professor 

Simon Gelman, MD 

Associate Professor 

Department of Anesthesiology 

University of Alabama Medical 
Center 

Birmingham, Alabama 35294 
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To the Editor: 


In response to Drs. Patel aad Gel- 
man's comments, the strength of our 
speculation on naloxone's potential to 
provoke pressor response lies with 
the following: 

1. There are now several redorts in 
the literature of severe cardiovascular 
responses following naloxone '? Our 
patient’s blood pressure rose to 270/ 
140 Torr and that of Tanaka's to 340/ 
150 Torr.” Although pain may cause 
a pressor response, it is difficult to 
accept pain as the cause of sach ex- 
treme hypertension. 

2. Pressor responses follow ing na- 
loxone administration occur in ani- 
mals anesthetized with halothane and 
free of pain.* 

3. Preliminary studies in eur de- 
partment indicate that naloxone 
causes pressor responses in patients 
during inhalation anesthesia and free 
of pain. 

4. Preliminary studies indicate that 
naloxone releases catecholarrines in 
man (J. E. Cottrell, personal commu- 
nication). 

Drs. Patel and Gelman argue that 
physostigmine could possibly be the 
cause for the hypertensive episode in 
our patient. Their theoretical discus- 
sion may be valid. However, >ur pa- 
tient’s blood pressure was signifi- 
cantly elevated (200/120 Tom) well 
before physostigmine was adminis- 
tered. Following physostigmme the 
patient was coherent and coopsrative. 
He complained of no pain and, re- 
quired no analgesics. 

The intention of our case report 
was to sound an alert to a possible 
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adverse effect of naloxone. Although 
cause and effect relationship has not 
been established, the reports of severe 
pressor responses after naloxone do 
call for caution in administering na- 
loxone and for further investigation 
of its cardiovascular effects. 


Isaac Azar, MD 

Associate Director of 
Anesthesiology 

Beth Israel Medical Center 

Assistant Professor of Clinical 
Anesthesiology 

Mount Sinai School of 
Medicine 

New York, New York 10003 
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Standard 
Nomenclature for 
Tracheal Tubes 


To the Editor: 


In a prior letter, I expressed con- 
cern over the use of the terms "pilot 
tube" and "armored tube" in place of 
"inflating tube" and "reinforced 
tube," respectively. 1 am happy to 
report that the list of standard terms 
and definitions referred to in that let- 
ter is now available as International 
Standard #4135 Anesthesiology-Vo- 
cabulary? in parallel English and 
French and may be purchased from 


American National Standards Insti- ` 
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tute, 1430 Broadway, New York, NY 
10018. The terms “inflating tube” and 
“reinforced tube” are defined in that 
standard. A further statement indi- 
cates, "The term ‘armored tube’ is to 
be deprecated.” 
I hope that this information may 
serve to promote standard usage. 
Thomas C. Deas, MD 
Chairman, American National 
Standards Committee Z79 and 
Professor of Anesthesiology 
Temple University 
School ef Medicine 
Philadelphia, Pennsylvania 19140 
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Alteration of 
Halothane in Heated 
Humidifiers 


To the Editer: 


Heated humidifiers are commonly 
used during anesthesia for infants and 
children. The humidification of the 
dry anesthetic gases is important for 
the prevention of drying of secretions 
in the endotracheal tube and the air- 
ways, for the preservation of ciliary 
activity, and to preserve calories re- 
quired for the heat of evaporation. 
The latter must otherwise be provided 
by the child, since all exhaled gases 
are almost totally humidified. 

A report by Drs. Kosfeld, Hess, 
Kalf and Schlimgen at the Congress 
of German Anesthesiologists, Wurz- 
berg, 1978, indicated that they found 
at least five different breakdown 
products of undetermined nature and 
toxicity when a heated humidifier was 
used with halothane. In their hu- 
midifier, the halothane-containing 
gas came into direct contact with a 
brass heating element. 

In the United States, several types 
of humidifiers are used. We have 
taken three different types to the lab- 
oratory to study the absence or pres- 
ence of decomposition products of 
halothane. Gas analyses were per- 
formed with a Varian 3700 gas chro- 
matograph, using the flame ionization 
detector and a 6-ft, 2-mm diameter 
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glass column filled with 10% SP 2100 
coated on Chromsorb GHP, 80 to 100 
mesh. Conditions for the separations 
were as follows: 25 C column temper- 
ature; carrier gas flow, 20 ml/min; 
detector and injector temperature, 
270 C and 100 C, respectively. 

The Bennett-Cascade humidifier 
has two metal (chrome-plated copper 
alloy) tubes encasing the heating and 
sensing elements which are in direct 
contact with the water and gas. When 
filled with water to the maximum 
level decomposition products were 
not detected with a flow of 2.5 L/min 
of 4% halothane in oxygen when the 
humidifier was kept at room temper- 
ature. At a temperature of 68 C (max- 
imum temperature setting for this 
Cascade) an extra peak was noted 
with an area of approximately 0.02% 
of the halothane peak. This peak 
could not be identified, but did not 
correspond with CF3-CH2OH, 
CF3CHeCl, CFs-COCI or CFeCHCl, 
which are known halothane decom- 
position products. 

The experiment was repeated in a 


similar fashion, using the Aquamid 


humidifier heated to the same water 
temperature. In this apparatus, the 
water is contained within a plastic 
compartment with no metal parts. 
The extra peak seen with the Cascade 
humidifier did not appear with this 
humidifier. 

The Fisher-Paykel (distributed in 
the United States as the Fraser-Har- 
lake) humidifier was chosen as a third 
apparatus because of two features. 
The humidification section consists of 
a plastic pot with an aluminum bot- 
tom and an aluminum spiral which is 
in contact with the water and gas 
phase. A silicone rubber insulated 
heating wire maintains the tempera- 
ture in the delivery hose so that the 
water temperature can be kept lower 
than in humidifiers without this fea- 
ture. Using the same gas flow used in 
tests of other humidifiers, decompo- 
sition could not be demonstrated in 
this humidifier. This also held true 
when the water and inspiratory gas 
temperatures were elevated beyond 
normal operating limits to 45 C and 
40 C, respectively. 

Although we have no evidence that 
suggests that the decomposition 
products generated in the Bennett- 
Cascade humidifier are toxic, we be- 
lieve that this observation is of im- 


portance for the practicing anesthe- 
siologist and may require additional 
investigation. 


Joannes H. Karis, MD 
Professor of Anesthesiology 
Department of Anesthesiology 
Frederick O'Neal, PhD 
Research Associate 
Department of Pharmacology 


Stanley W. Weitzner, MD 
Professor of Anesthesiology 
Department of Anesthesiology 
Duke University Medical Center 
Durham, North Carolina 27710 


ICE eee 
Pseudo Resistance to 


Nitroprusside 


To the Editor: 


The extravasation of fluids from 
the proximal port of a pulmonary ar- 
tery catheter with subsequent devel- 
opment of hydromediastinum was 
described recently by Gordon et al! 
as an unusual complication of pul- 
monary artery catheterization. In their 
patient, a small body habitus and a 
low approach to the internal jugular 
vein led to positioning of the proximal 
port in tissue planes outside the vein. 
We also have observed this position- 
ing problem. In one of our patients 
who was receiving nitroprusside, this 
led to a serious compromise of patient 
care, 

In this patient, after a pulmonary 
arterial catheter had been placed dur- 
ing aortic surgery, the intravascular 
position of the proximal port was con- 
firmed by aspirating blood and by 


.checking the pressure trace in the 


proximal lumen. Toward the end of 
the operation, an infusion of nitro- 
prusside was begun through the prox- 
imal lumen for control of blood pres- 
sure. After this objective had been 
obtained easily, the patient was taken 
to the recovery room. In the recovery 
room, the patient's blood pressure 
was initially stable; however, shortly 
thereafter the pressure started to in- 
crease. When we were summoned to 
evaluate the patient, the blood pres- 
sure had increased from 150/90 to 
250/120 torr; also, premature ventric- 
ular contractions and ST changes had 
developed. The infusion of nitroprus- 
side had been increased from 0.02 


mg/min to 0.6 mg/min without any 
observable effect on the blood pres- 
sure. We changed the nitroprusside 
infusion site from the proximal lumen 
of the pulmonary artery catheter to a 
peripheral intravenous line. The 
blood pressure was then again con- 
trolled easily with small amounts of 
nitroprusside. 

We believe that although the prox- 
imal port of the pulmonary artery 
catheter in our patient was initially 
intravascular, it became extravascular 
due to movement of the neck as the 
patient awakened. This incident em- 
phasizes the importance of reverify- 
ing the position of a catheter when- 
ever the need for an intravascular 
route is imperative. 

David H. Sprague, MD 

Assistant Professor 


Edward A. Norfleet, MD 
Associate Professor 

Department of Anesthesiology 
University of North Carolina 
Chapel Hill, North Carolina 27514 
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Hemodynamic 
Calculations 


To the Editor: 


In a recent article Barash et al’ dis- 
played a very useful program for sim- 
plifying the repetitive calculation of 
hemodynamic variables in the oper- 
ating room by using a hand-held pro- 
grammable calculator. They used a 
TI-59 calculator, Texas Instruments, 
Dallas, Tx. As an alternative, I would 
like to mention a less expensive cal- 
culator which we have found useful, 
namely the SHARP EL-5100, Sharp 
Electronics Corporation, Paramus, NJ. 
Althcugh lacking the programming 
size end data storage, the facility of 
magnetic tape program insertion and 
the ability to perform iterative loops 
of the TI-59, the EL-5100 costs only 
$90 to $100 vs $210 to $300. In addi- 
tion it has a LCD display with a 1000- 
hour battery life, is compact, has ef- 
ficient program editing and correcting 
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features, and is programmed by al- 
gebraic statements rather than ma- 
chine instructions. Also, memory is 
preserved during power off. 

To use this calculator with the for- 
mat suggested by Barash et al,’ insert 
the following program in the AER 
mode: 


((ABCDEFG) = B + A, 1 Exp 3 X B + AC, 
(D-F) x B + AC x 13.6, 
(D-G) X A + B, (E-F) X A+B 


Program insertion requires about 1 
minute. 

Next in the COMP mode, the cal- 
culator will interrogate the user for 
the values of A to G: A, body surface 
area (m?); B, cardiac output (L/min); 
C, pulse rate; D, mean systemic blood 
pressure (torr); E, mean pulmonary 
arterial pressure (torr); F, mean pul- 
monary capillary wedge pressure 
(torr); and G, mean right atrial pres- 
sure (torr). If body surface area is 
unknown, height (cm)? x weight 
(kg) *5 x 7.184 X 107° may be en- 
tered and the calculator will enter the 
calculated body surface area into 
memory A. 

The calculator will then show five 
consecutive answers: ANS 1 = cardiac 
index (L/min/m?; ANS 2 = stroke 
volume index (ml/beat/m?); ANS 3 
= left ventricular stroke work index 
(g-m/beat/m^) ANS 4 = systemic 
vascular resistance (resistance units), 
and ANS 5 = pulmonary vascular 
resistance (resistance units). 


Nathan Leon Pace, MD 

Assistant Professor 

Department of Anesthesiology 

University of Utah College of 
Medicine 

Salt Lake City, Utah 84132 
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Reinforced Tracheal 
Tube Hazard Alert 


To the Editor: 


The problem of bleb formation 
causing obstruction of latex-dipped 
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reinforced tracheal tubes has troubled 
anesthesiologists for a considerable 
time. Ohn and Wu! and Munson et 
al.” have elegantly demonstrated that 
it is the passage of the nitrous oxide 
in the anesthetic gas mixture into the 
bleb that precipitates the airway ob- 
struction. 

Ohn and Wu correctly point out 
that repeated autoclaving aggravates 
the problem. The manufacturer had 
been concerned with this for some 
years and earlier pointed out in the 
catalog that “ethylene oxide steriliza- 
tion is unsatisfactory also as the gas 
may permeate the material under 
pressure and cause blistering or sep- 
aration of the layers.” Finally, in June 
1977, with FDA approval a Hazard 
Alert was sent to the Directors of 
Anesthesiology in all 8500 hospitals 
in the US stating that: 


SPIRAL LATEX ENDOTRACHEAL 
TUBES (ANODE TUBES) which have 
been ethylene oxide gas sterilized or steam 
sterilized with a vacuum applied in the 
sterilization cycle, could present a life 
threatening hazard to the patient. 
ANY TUBES SO STERILIZED SHOULD 
NEVER BE REUSED. 
The latex layers can separate under vac- 
uum. These separations, should they oc- 
cur, are usually invisible. 
The life endangering hazard occurs during 
anesthesia. Anesthetic gases, especially ni- 
trous oxide, may permeate into the layer 
separations, resulting in expansion which 
can totally occlude the inner lumen of the 
tube. 

DO NOT GAS STERILIZE 
DO NOT STEAM STERILIZE WITH 

VACUUM 

Recommendations for Proper Sterilization: 


1. STEAM STERILIZE WITH LIQUID 
CYCLE PROGRAM WITHOUT VAC- 
UUM, or 

2. COLD STERILIZE, RINSE THOR- 
OUGHLY. 


At the end of a commonly used 
autoclave cycle the pressure changes 
rapidly from +27 to 30 pounds pere 
square inch to —10 pounds per square 
inch as vacuum is applied to remove 
the steam and moisture from the load. 
In the liquid cycle the pressure is 
gradually reduced down to atmos- 
pheric without the application of vac- 
uum. 

It is clear that this warning should 
be reiterated for just three years after 
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it was issued two further cases of the 
problem have been reported. This 
would suggest that the advice given 
in the manufacturer’s Hazard Alert 
(given above) is being ignored; gas or 
steam sterilization with vacuum con- 
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tinues to be used; and patients lives 
are still being placed in jeopardy. 
L. Rendell-Baker, MD 
Anesthesiology Service 
Veterans Administration Hospital 
Loma Linda, California 92357 
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Treatment of Metabolic Alkalosis with Hydrochloric Acid 


Intravenously administered hydrochloric acid can be used to treat severe metabolic alkalosis when 
conventional therapy is contraindicated or when rapid physiologic correction is required. Twelve 
patients were treated with hydrochloric acid to correct large hydrogen ion deficits. The average 
arterial pH before treatment was 7.55 and after treatment, 7.44. An average of 227 meq of hydrochloric 
acid was infused per treatment. The indications for treatment included liver failure, impending 
hypoxia secondary to compensatory hypoventilation, and the need for rapid correction. 5ix of.the 12 
patients demonstrated significant compensatory hypoventilation with averagePco, of 55 and 44 torr 
before and after treatment. Corresponding pH levels were 7.50 and 7.41. All patients with compen- 
satory hypoventilation demonstrated a similar response to hydrochloric acid infusion with an initial 
relatively abrupt fall in Pco,, suggesting that the respiratory center is excessively sensitive to increases 
in the blood hydrogen ion concentration in the setting of severe metabolic alkalosis. There were no 
deaths directly associated with the infusion of hydrochloric acid. Five of the 12 patients survived and 
left the hospital. (Williams DB, Lyons JH Jr: Treatment of severe metabolic alkalosis with intravenous 
infusion of hydrochloric acid. Surg Gynecol Obstet 150:315 -321, 1980) 
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Drugs and the Elderly, ed- 
ited by J. Crooks and l. H. 
Stevenson, Baltimore, Uni- 
versity Park Press, 1979, 
304 pp, $49.50. 


At long last there is a book which 
is a dedicated attempt to link unsub- 
stantiated clinical observations and 
cherished myths about drug re- 
sponses in the elderly, to the rapidly 
expanding base of scientific evidence! 
However, this book suffers the com- 
mon burden of being made up of a 
collection of individual papers deliv- 
ered at a symposium. In this case the 
result is a mix of short review-style 
essays with investigative papers. 
These are divided into four sections 
(Ageing Process, Pharmacokinetics, 
Drug Sensitivity, Clinical Aspects of 
Drug Use). Despite the use of broad 
categories as sectional divisions, there 
is an uneven quality to the distribu- 


tion of emphasis, which can leave the 


reader with a potential feeling of in- 
completeness. The contributors' list is 
representative of the broadest base of 
gerontology and clinical pharmacol- 
ogy. American academic representa- 
tion, however, is quite limited. 

The material is presented in forms 
ranging from provocative and maxi- 
mallv intellectually stimulating (Sec- 
tion 1: The Ageing Process) to clini- 
cally useful information suitable for 
daily anesthetic practice (Renal Excre- 
tion of Drugs, Benzodiazepines, Drug 
Sensitivity, Adverse Reactions). 
There are also selected reviews of ac- 
cumulated data (Drug Distribution, 
Anesthetics, Drug Dosage) all inter- 
spersed with laboratory models and 
experimental results. 

Throughout the book there seems 
to be an attempt by the authors to 
link basic pharmacologic principles 
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with observed clinical respsnses as 
influenced by ageing, with emphasis 
on central nervous system e-fects of 
the drugs. Anyone who has an inter- 
est in the geriatric patient wold ben- 
efit from the information in the book 
and would most certainly be able to 
apply much of it on a daly basis 
while being stimulated to se. rch fur- 
ther for other answers. 


Kenneth M. Janis, MD 
Associate Clinical Prcfessor 
of Anesthesiology 
University of Califorria 
Irvine and San Diego Medical 


Centers 
Irvine, CA 


Neurotransmitters and 
Drugs, by Z. L. Krek and 
C. J. Pycock, Baltmore, 
University Park — Press, 
1979, 176 pp, $8.9€. 


This is an impressive little book. In 
its 168 pages, it has all the infermation 
that a postgraduate student in science 
or clinical medicine might require 
about this fascinating subjsct. The 
subject matter is covered from a 
mechanistic point of view using the 
various chemicals identified as neu- 
rotransmitters as a guide. Especially 
instructive are the chapters «n hista- 
mine, amino acids, and pept.des and 
their postulated roles in ner.rotrans- 
mission or modulation of nezve func- 
tion. 

The book is concise and tollows a 
rigid scheme of analyzing the neuro- 
transmitters from their syn hesis to 
their inactivation. It is not ezsy read- 
ing, somewhat boring as a raatter of 
fact. However, if you cons der it a 
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mini-handbook on this complex mat- 
ter, then you have a bargain in this 
paperback. 


H. F. Cascorbi, MD, PhD 
Professor of Anesthesiology 
Case Western Reserve University 
Cleveland, OH 


Analgesic Drugs, by J. 
Parkhouse, B. J. Pleuvry, 
and J.M.H. Rees, St 
Louis, Blackwell Scientific 
Publications, 1979, 159 
pp, $17.50. 


The first chapter of this small pap- 
erbound manual is a short review of 
pain mechanisms followed by two 
chapters dealing with narcotics, one 
on mechanisms of action and general 
pharmacology and the next describ- 
ing individual agents and mixtures. 
The two succeeding chapters describe 
the antipyretic analgesics in similar 
format, and the last chapter dis- 
courses upon the design and pitfalls 
of controlled clinical trials. Two ap- 
pendices are added: the first manip- 
ulates a set of data from an imaginary 
clinical trial through several standard 
statistical tests and the second pro- 
vides trade names, dose ranges, and 
durations of action of drugs discussed 
in the text. 

The book is inadequate on many 
counts. It is written in an abrupt, dis- 
jointed style; it contains much need- 
less repetition of material and is un- 
evenly referenced from the literature, 
seemingly allowing anecdotal infor- 
mation or the authors’ opinions to 
stand side by side with better-docu- 
mented information. All of the phar- 
macologic information, which is 
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rather limited to pharmacodynamics, 
is available in more digestible form in 
standard textbooks of pharmacology. 
The chapter on controlled clinical 
trials is an adequate introduction to 
the subject. The appendices serve no 
useful purpose. The first is too com- 
plex for the reader with no knowledge 
of statistics, and the second is totally 
unreferenced. The authors state in the 
preface that the book is intended pri- 
marily for undergraduates, I would 
not recommend it to them and cer- 
tainly not to postgraduates. 


A. Donald Finck, MD 
Assistant Professor 
of Anesthesiology 
Columbia University 
College of Physicians 
and Surgeons 
New York, NY 


Anesthesia for Obstet- 
rics, by S. M. Shnider and 
G. Levinson, Baltimore, 
Williams & Wilkins, 1979, 
456 pp, $35.00. 


This is the third American text- 
book on obstetrical anesthesia to ap- 
pear within the last 3 years. However, 
its scope and quality make a major 
contribution to this important field 
without creating a “deja vu" effect. 
The authors are distinguished obstet- 
ric anesthesiologists. The additional 
15 contributors include renowned 
anesthesiologists, obstetricians, and 
pediatricians, an attorney-at-law, and 
a malpractice consultant. 

The book is divided into five major 
sections, containing a total of 28 chap-. 
ters. These provide comprehensive 
and authoritative reviews of maternal 
physiology, perinatal sharmacology, 
and anesthesia for vaginal delivery, as 
well as complicated cbstetrics. The 
section on anesthetic complications 
includes a chapter on obstetric anes- 
thesia and lawsuits, a welcome and 
illuminating novelty. The final sec- 
tion, pertaining to the fetus and new- 
born, goes beyond the normal cover- 
age of fetal asphyxia and resuscitation 
of the neonate to include chapters on 
less common causes of neonatal res- 
piratory failure in the delivery room 
and on retrolental fibroplasia. The 
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book ends with three appendices; the 
most valuable is a table summarizing 
the fetal and neonatal effects of ma- 
ternally administered drugs. 

Despite the multiplicity of authors, 
the level of writing is uniformly ex- 
cellent in clarity and coverage of sub- 
ject matter. In my view, the chapter 
on anesthesia for the pregnant cardiac 
patient is the best ever written. The 
unavoidable overlapping between 
different chapters has been kept to a 
minimum. Tables and figures are well 
selected and excellently reproduced. 
Each chapter concludes with an ex- 
tensive and up-to-date bibliography. 

All those involved in perinata! care 
will find this book most valuable. 


M. Finster, MD 
Professor of Anesthesiology, 
Obstetrics and Gynecology 
College of Physicians 
and Surgeons 
Columbia University 
New York, NY 
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Analytical Procedures for 
Therapeutic Drug Moni- 
toring and Emergency 
Toxicology, by R. C. 
Baselt, Davis, California, 
Biomedical Publications, 
1980, 316 pp, $35.00. 


This book is a collection of proce- 
dures for detection of various drugs 
and toxic compounds in biologic sys- 
tems. The assays require, in many 
instances, elaborate and sophisticated 
equipment and therefore most of 
them are not suitable for small labo- 
ratories. Nevertheless, the book does 
have value as a compendium of infor- 
mation on toxic levels and offers a 
quick reference to the type of assay, 
as well as the type and amount of 
specimen required. Not all drugs or 
toxic compounds have been included; 
rather the author has selected proce- 
dures for each class of drug. It should 
be noted that no procedures for as- 
saying volatile anesthetics are in- 
cluded but the author has included 
procedures for barbiturates and local 
anesthetics. 


Automatic Ventilation of 
the Lungs, Third Edition, 
by W. W. Mushin, L. Ren- 
dell-Baker, P. W. Thomp- 
son, and W. W. Mapleson, 
ot. Louis, Blackwell Sci- 
entific Publications, 1980, 
887 pp, $103.00. 


Eleven years have elapsed since the 
previous edition of this classic refer- 
ence source on automatic ventilators. 
New ventilators introduced in this 
time receive authoritive analysis in 
this edition, which also includes an 
expanded section on the historical 
background to automatic ventilation. 
There remains no substitute for this 
standard reference work. 
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AMA Drug Evaluations, Fourth Edition, 
by The American Medical Association 
Department of Drugs, Chicago, American 
Medical Association, 1980, 1470 pp, 
$48.00. 


The Concept of a Blood-Brain Barrier, by 
M. Bradbury. Somerset, NJ, John Wiley 
& Sons, Inc, 1979, 465 pp, $60.50. 


Anesthetic Exposure in the Workplace, 
by E. N. Cohen, Littleton, MA, PSG Pub- 
lishing Co, 1980, 210 pp, $22.50. 


Health Care Delivery in Anesthesia, ed- 
ited by R. A. Hirsh, W. H. Forrest, F. K. 
Orkin, and H. Wollman. Philadelphia, 
George F. Stickley Co, 1980, 253 pp, 
$14.50. 


Practical Dental Anaesthesia, by A. Kil- 
patrick. New York, Churchill Livingstone, 
1979, 72 pp, $12.50. 


Relief of Pain in Clinical Practice, by S. 
Lipton. St. Louis, Blackwell Scientific Pub- 
lications, 1980, 373 pp, $48.75. 


The Circulation in Anaesthesia: Applied 
Physiology and Pharmacology, edited by 
C. Prys-Roberts, St. Louis, Blackwell Sci- 
entific Publications, 1980, 642 pp, $87.85. 
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Electrocardiography for the Anaesthetist, Clinical Anesthesia, by P. L. Wr kinson, Anesthesia for Orthopaedic Surgery, by 
by W. N. Rollason, Oxford, England. j. Ham, and R. D. Miller. 5t. Lou s, C. V. H. L. Zauder. Philadelphia, F.A. Davis Co, 
Blackwell Scientific Publications, 1980, Mosby Co, 1980, 324 pp, $32.50. 1980, 229 pp, $30.00. 


154 pp, $24.00. 


Notice for "Anesthesia and Analgesia” Subscribers 


j 


One volume of Anesthesia and Analgesia will be prirted in the year 1980; i.e, Volume 59, 
Numbers 1 through 12 (January through December 1980). When this journal became a monthly 
publication in 1980, it was originally announced that two volumes would be published annually to 
cover the January through June and July through December issues, respectively. That announcement 
is hereby rescinded. | 
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Abstracts of Scientific Papers 
Presented at the 54th Congress of 
the International Anesthesia 
Research Society, Reno, Nevada, 
March 10-13, 1980 


Twitch, Tetanus, and Train-of-Four Responses 
as Indices of Recovery from Nondepolarizing 
Neuromuscular Blockade 

Ali HH, Savarese JJ, and Lebowitz PW— . 
Harvard Medical School, Boston, 
Massachusetts 


Assessment of recovery from nondepolarizing neu- 
romuscular block has been based on clinical criteria 
such as: head lift, grip strength, adequate tidal volume, 
vital capacity and inspiratory force which mostly re- 
quire a cooperative patient. Other criteria independ- 
ent of patient cooperation have been the interpreta- 
tion of evoked muscle responses to single twitch, 
tetanic and train-of-four stimulation. 

The purpose of this study is to compare the value 
of the train-of-four (T4) ratio (4th/1st) to the single 
twitch (0.15 Hz) and tetanic response at 50 Hz for five 
seconds (Tso), when the single twitch recovers to 
control height. 

METHODS: 107 adult ASA I-II surgical patients 
were selected at rancom for analysis of the evoked 
responses. They were 44 + 1.5 years of age and 
weighing 65 + 1.3 kg (mean + S.E.), from whom an 
informed consent was obtained after approval of the 
committee on human studies. All were free from 
"neuromuscular or endocrine disease with no intra- 
operative antibiotics. They were divided into 6 groups 
based on the relaxant used (Table 1). Balanced anes- 
thetic technic (Thiopental-N;O-Os and a narcotic) 
was used. Evoked thumb adduction was measured 
using a Grass FT-10 transducer and a Grass poly- 
graph. Single supramaximal stimuli of 0.2 msec and 
0.15 Hz were delivered from the Grass 588 stimulator 
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via an isolation unit SIUS5. After establishing a stable 
control response, one of the relaxants or a relaxant 
combination was administered (Table 1) achieving 
95-99% suppression of the single twitch. The latter . 
was allowed to recover either spontaneously or in- 
duced by atropine/neostigmine (0.02 and 0.04 mg/kg 
respectively.) 

Following the return of the single twitch to a stable 
control, two to three trains (T4) were delivered at 0.1 
Hz. In 28 patients Tso was applied immediately fol- 
lowing T4 (Table 2). The ratio of T4 was measured 
and the tetanic response was examined for fade or 
sustained response. 

RESULTS AND DISCUSSION: Table 2 summa- 
rizes the findings. It appears that when the single 
twitch reaches control height, the ratio of T, is signif- 
icantly lower. The Tso was fully sustained when the 
ratio of T4 was above 0.7 regardless which relaxant 
was used. When the latter was less than 0.7, there was 
slight to definite fade of Tso. This analytical study 
suggests that when the ratio of T, is 0.7 and above, 
the single twitch would have recovered to control 
height and Tso is fully sustained. Analysis of variance 
indicates that there is no significant difference of T, 


TABLE 1 
No. of Pa- 

Relaxant tients Dose (mg/kg) 
D-tubocurarine (dtc) 23 0.5-0.6 
Metocurine (Met.) 38 0.3 
Pancuronium (Pan.) 18 0.1-0.2 
Dtc + Met. 7 0.25 + 0.14 
Pan. + Met. 7 0.02 + 0.07 
Pan. + dtc 13 0.02 + 0.14 


ABSTRACTS 





TABLE 2 
Single 
. T4 Ratio (mean T50 (No. of 
Relaxant Twitch 96 

otéantal + S.E.) patients) 
D-tubocurarine (dtc) 100 13.4 x 1.7 S (10) 
Metocurine (Met.) 100 67.5 + 1.8 S (3), F (8) 
Pancuronium (Pan.) 100 64.9 + 3.9 S (5), F (2) 
dtc + Met. 100 67.4 + 4.7 — 
Pan. + Met. 100 68.9 + 4.5 — 
Pan. + dtc 100 63.9 + 4.3 — 


S = Sustained tetanic response; F = Fading tetanus. 


ratio among the 6 groups (p > 0.1). The recovery of 
all three evoked responses to that level has been 
shown in earlier studies to correlate well with signs of 
adequate clinical recovery from nondepolarizing 
block. 

CONCLUSION: Monitoring only T, ratio sup- 
ported by other clinical criteria can provide the cli- 
nician with the information obtained from the single 
twitch or Tso without the need for a control response 
and avoids the pain experienced with tetanic stimu- 
lation. 


Cerebral Potassium Release Reduced by 
Diphenylhydantoin: Proposed Mechanism of 
Cerebral Protection 

Artru AA, and Michenfelder JD—Mayo 
Medical School, Rochester, Minnesota 


While diphenylhydantoin protects the brain under 
various conditions of reduced oxygen delivery,’ its 
protection cannot be explained by familiar mecha- 
nisms (i.e. depressed cerebral metabolism, increased 
cerebral blood flow, or suppressed convulsions). We 
previously reported that diphenylhydantoin reduced 
the rate of potassium accumulation in the cerebral 
spinal fluid during anoxia and speculated that di- 
phenylhydantoin’s protection might be linked to this 
effect. In the present study, diphenylhydantoin's abil- 
ity to reduce potassium release was compared to that 


TABLE 


of two other cerebral protective modalities. Additional 
testing was done to determine if diphenylhydantoin's 
effect on potassium release was dose-related. 
METHOD: Thirty white New Zealand rabbits were 
maintained on oxygen and either INO (control), di- 
phenylhydantoin 150 mg/kg. diphenylhydantoin 50 
mg/kg, hypothermia to 35°C, or pentobarbital 33 
mg/kg. The three latter mocalities were considered 
equiprotective since they were previously reported to 
provide equivalent cerebral protection in the hypoxic 
(Flog = 0.05) mouse model; an indwelling cisterna 
magna catheter was placed for cerebrospinal fluid 
sampling. After baseline cerebrospinal fluid electro- 


-lyte values had been determined, anoxia was induced 


by circulatory arrest and additional samples obtained 
at 10 and 20 minutes. 

RESULTS: Cerebrospinal fluid potassium levels 
were significantly lower at 10 and 20 minutes after 
circulatory arrest with diphenylhydantoin 50 and 150 
mg/kg than in the control group (Table). This reduc- 
tion in potassium accumulation tended to be greater 
with the larger dose of diphenylliydantoin. Hypo- 
thermia reduced potassium accumulation to a lesser 
degree than diphenylhydantoin 50 mg/kg, while pen- 
tobarbital had little effect. 

DISCUSSION: These data support the hypothesis 
that diphenylhydantoin's ability to reduce potassium 
release is linked to its protective effect. At a dose 
providing equivalent cerebral protection diphenyl- 
hydantoin was more effective in reducing cerebral 
potassium release than pentobarbital or hypothermia. 
Protective effects for the latter two modalities likely 
relate to a different mechanism (i.e. reduced cerebral 
oxygen consumption). This effect of diphenylhydan- 
toin was dose-related, similar to the dose-related cer- 
ebral protective effect reported for this drug. 


REFERENCE: 

1. Cullen JP, Aldrete JA, Jankovsky L, et al: Protective action of 
phenytoin in cerebral ischemia. Anesth Analg 58:165-169, 
1979, 


CSF Potassium Values, mEq/L (mean + SEM). n = 6 for each group 





N20 Control eor ceri Hyperthermia 35°C pene ny 
Pre-arrest 44+ 0.4 4.1 £0.3 4.3 + 0.5 4.4 +03 4.1+0.2 
10 Min 
Post-arrest 10.9 + 0.8 7.8 x 1.0* 8.4 +0.4° 9.7 + 0.2 10.7 1.0 
20 Min 
Post-arrest 19.9 x 1.3 12.4 x 0.9* 13.8 € 1.1" 15.2012" 21.0 4 1.6 





* Significantly different than control, p > 0.05. 
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Mechanical Hyperventilation and Experimental 
Atrial Arrhythmias in Halothane-Anesthetized 
Dogs 

Atlee JL, and Ammendrup P—University of 
Wisconsin, Madison, Wisconsin 


Respiratory alkalosis with associated hypokalemia 
is:a well known cause of cardiac arrhythmias in 
anesthetfzed patients. In an effort to elucidate mech- 
anisms for such arrhythmias, we have compared the 
effects of hypocapnea (COerr = 25 torr) and nor- 
mocapnea (CO; rer = 40 torr) on sinoatrial responses 
to premature atrial stimulation and supraventricular 
refractoriness in pentobarbital (iv: 30 mg/kg loading 
dose; 2.4 mg/kg/hr continuous infusion) and pento- 
barbital-halothane (1.0% end-tidal) anesthetized dogs 
(no. = 17). Catheter His bundle electrocardiography 
and atrial extrastimulation were used.’ The high right 
atrium was paced slightly faster than the spontaneous 
(sinus) rate and single, premature (test) stimuli deliv- 
ered after at least 10 basic driven beats. Successive 
test stimuli were applied prematurely by 5 to 10 msec 
decrements until atrial effective refractoriness was 
encountered. Basic pacing was resumed 1500 msec 
following test stimulation to permit observation of the 
first spontaneous atrial activity (A3) following test 
beat atrial activity (Ae: basic beat atrial activity —A)). 
Basic (Ai — A3), test (A; — Ag) and return (Ai — As) 
atrial cycles were calculated (msec). Às responses with 
Ai — As < twice A; — Aj were indicative of sinus 
reset, those with A; — As = A; — A, of interpolation 
and those with A; — As < A; — A; of atrial echoes.” 
Five or more atrial echoes in succession was consid- 
ered atrial fibrillation. 

Hypocapnea facilitated the production of atrial 
echoes and increased vulnerability to fibrillation (4 of 
17 dogs were vulnerable) during both pentobarbital 
and pentobarbital-halothane. The addition of halo- 
thane to pentobarbital during both normocapnea and 


hypocapnea had similar effects to those of hypocap- 


nea alone. The effects of hypocapnea and halothane 
were related to a decrease in atrial effective and 
increase in AV nodal functional refractoriness. Halo- 
thane increased the range of Ai — Ag intervals fol- 
[owed by sinus reset (prolonged zone of reset); hy- 
pocapnea had no effect on reset. Zones of interpola- 
tion were not altered by hypocapnea or halothane. 
Our findings for the effect of hypocapnea or halo- 
thane on experimental atrial arrhythmia production 
may explain in part the rather common occurrence of 
supraventricular arrhythmias in mechanically hyper- 
ventilated, anesthetized patients. 
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Urine Sodium and Potassium During Pulsatile 
and Non-pulsatile Hemodilutional 
Cardiopulmonary Bypass 

Azar |, and Turndorf H—New York University, 
New York, New York 


We have observed changes in urine Na and K 
associated with variations in flow pattern during car- 
diopulmonary bypass (CPB). This study was done to 
determine the extent of these changes and relate them 
to pulsatile (P-CPB) and non-pulsatile (NP-CPB) by- 
pass, serum protein level, mean arterial pressure, 
cardiac index or pump flow, and systemic vascular 
resistance (SVR). 

Thirty males and 10 females 34-73 y/o scheduled 
to undergo coronary bypass (22), mitral (11) or aortic 
(7) valve replacement were studied. All were medi- 
cated with morphine 0.1 mg/kg and scopolamine 0.4 
mg in about 90 minutes before induction. Anesthesia 
was induced and maintained with diazepam, fentanyl, 
pancuronium, and NỌ in oxygen. The pump was 
primed with 3 liters of Travenol’s Plasmalyte, and 
flow maintained at 2.2 1/min/m7. Pulsatile flow during 
CPB was affected by intra-aortic balloon pump or 
spontaneous ventricular ejection. The following were 
measured every 15 minutes during pre CPB, NP-CPB, 
and P-CPB: 1. Urine and serum Na and K levels. 2. 
Urine output. 3. Urine and blood osmolality. 4. Serum 
proteins. 5. Mean arterial pressure. 6. Cardiac output 
(thermodilution). The following were derived from 
the above: 1. Total Na and K excretion. 2. Free water 
clearance (CH2O). 3. Cardiac index. 4. SVR. Results 
are shown in Table 1. 

Urine output and urine sodium level and excretion 
rate increased during CPB (p < 0.0005), more so 
during NP-CPB than P-CPB (p < .0005). Urine K level 


TABLE 1 

Pre-CPB NP-CPB P-CPB 
Urine: 
Na, mEq/I 46 +8 121 +3 96 +4 
K, mEq/l 69 € 9 16 + 1.6 35 +5 
Output, ml/hr 87 + 18 595 + 60 424 + 69 
Na, mEq/hr 4.8 + 1.4 66+ 8 4947 
K, mEq/hr 2.8 + .6 9.2 + 1.3 19.5 + 3.3 
Serum: 
Proteins, gm96 5.5 + .1 3.5 + .4 3.7 + .4 
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decreased during CPB (p < 0.0005) more so during 
NP-CPB than P-CPB (p < 0.01). Serum proteins were 
lower during both P-CPB and NP-CPB to the same 
extent (p < 0.0005). No significant differences were 
found in CH2 mean arterial pressure, cardiac index, 
or flow, and SVR. 

The changes in urine Na and K were associated 
with variations in flow pattern as well as serum 
proteins. NP-CPB reduces renal blood flow, glomer- 
ular filtration rate and tubular function,’ and these in 
turn depress Na reabsorption and K excretion. Serum 
proteins also affect Na tubular absorption": Hemodi- 
lution reduces peritubular capillary oncotic pressure 
and decreases Na reabsorption. 

REFERENCES: 
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Electrographic and Behavioral Effects of 
Enflurane and Halothane in the Cat 

Bassell GM, Cullen BF, Fairchild MD, and 
Kusske JA—University of California, Irvine, 
Irvine, California 


The occurrence of abnormal spiking interspersed 
with episodes of electrical silence in the electroen- 
cephalogram (EEG) of humans and animals undergo- 
ing enflurane anesthesia has been well described. 
These untoward cerebral effects can be associated 
with frank seizure patterns on the EEG and peripheral 
tonic-clonic movements, particularly at high concen- 
trations of anesthetic. What has been a source of 
controversy is whether these phenomena can persist 
into the postanesthetic period and present as new 
epileptiform activity or worsening of existing epi- 
lepsy. To date, the most significant report in animals 
has demonstrated not only long-term EEG abnormal- 
ities after enflurane anesthesia, but also behavioral 
consequences lasting for approximately two weeks.! 
On the other hand, a human study, in which male 
volunteers developed seizure activity on the EEG and 
tonic-clonic limb movements during enflurane anes- 
thesia, failed to demonstrate any behavioral abnor- 
melities in the postanesthetic period despite the pres- 
ence of abnormal EEG recordings which persisted for 
as long as 30 days.” 

Ne anesthetized ten cats with chronic implanted 
electrodes in a crossover study with enflurane and 
ha:othane. The animals received no other drugs and 


approximately six weeks separated administration of 
each anesthetic. Arterial blood gases and pH were 
monitored frequently from ‘an indwelling femoral 
artery catheter, and the animal's ventilation was ad- 
justec if necessary to maintain these variables within 
norm:] limits. The cats were kept at a plane of light 
surgical anesthesia (minimum inspired concentration 
to prevent a motor response to tail clamping) for two 
hours after a five minute awake control period. The 
brain areas monitored on the EEG were: prepyriform 
corte», septum, ventral hippocampus, dorsal hippo- 
campas, lateral geniculate body, basolateral amyg- 
dala, : ensory-motor cortex, and occipital (striate) cor- 
tex. 

We recorded enflurane EEG effects as previously 
descrbed, as well as a "fast rhythm" seen with both 
halotF ane and enflurane which has not been reported 
before. Post-anesthetically, at 24, 48 and 96 hours, 
and b weekly for an additional four weeks, there were 
no EEG or behavioral abnormalities seen. We con- 
clude that, despite its propensity for causing EEG 
abnormalities during administration, enflurane anes- 
thesia does not produce long-term EEG or behavioral 
abnormmalities in the cat. 

REFER=NCES: 
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Hypertension After Endotracheal Intubation: 
Correlation with the Preoperative Blood 
Pressure Record 

Bedford RF, and Feinstein BSH—University 
of Vi-ginia, Charlottesville, Virginia 


Arterial hypertension and tachycardia often occur 
following endotracheal intubation, rendering anesthe- 
tized patients at risk for developing cardiac failure, 
myocardial ischemia or subarachnoid hemorrhage.’ 
This -eport describes a subgroup of patients who are 
particularly likely to develop post-intubation hyper- 
tensicn. 

METHODS: Preoperative blood pressure records 
for 2£5 consecutive patients undergoing elective non- 
cardi: c operations were evaluated prospectively. Each 
anesthetist was interviewed immediately after endo- 
trachzal intubation and each patient's korotkoff blood 
pressare response to endotracheal intubation was tab- 
ulatec. Three groups of patients were identified: 
Grou» I (167 patients) - Hospital admission BP and 
averaze BP on ward « 140/90 (107); Group II (48 
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patients) - Admission BP > 140/90 and average BP 
on ward < 140/190; Croup III (30 patients) - Admis- 
sion BP > 140/190 and average BP on ward > 140/ 
190. 

Analysis of this preliminary data revealed that after 
endotracheal intubation, only Group II developed a 
significant increase in mean arterial pressure (MAP) 
over pre;incuction values, regardless of the anesthetic 
agent used. 

In order to test the usefulness of preoperative hos- 
pital blood pressure records for predicting post-intu- 
bation hypertension, 50 consecutive patients sched- 
uled for elective non-cardiac operations which re- 
quired direct arterial monitoring were divided into 
Groups I, II and III as described above. Rapid-se- 
quence endotracheal intubation was performed fol- 
lowing intravenous bolus injection of thiopental (3-4 
mg/kg) and succinylcholine (1-4 mg/kg). MAP was 
recorded continuously from before anesthetic induc- 
tion until 5 minutes after intubation. The 30 patients 
in Group I sustained a statistically significant but not 
hazardous increase in MAP after intubation, whereas 
there was no change in MAP among the 8 patients in 
Group III after intubation (Figure). In contrast, the 12 
Group II patients developed marked hypertension 
after intubation, with an average peak blood pressure 
of 214/120. 

These data suggest that the pre-operative hospital 
blood pressure record can alert the anesthetist to a 
subgroup of approximately 20 per cent of surgical 
patients who are prone to develop hypertension after 
intubation. A blood pressure reading at or above 140/ 
90 at the time of admission indicates that a routine 
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thiopental-succinylcholine sequence may require ad- 
ditional pharmacologic intervention” to prevent po- 
tentially hazardous hypertension, even though the 
patient’s resting preoperative blood pressure appears 
to be norma:. 
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Rapid Reduction of Intracranial Pressure: 
Thiopental versus Lidocaine 

Bedford RF, Marshall WK, and Persing JS— 
University of Virginia, Charlottesville, Virginia 


Intravenous lidocaine has been shown to lower 
intracranial pressure (ICP) in comatose patients with 
brain trauma and to prevent reactive intracranial hy- 
pertension.’ This study compares the efficacy of IV 
lidocaine w:th thiopental treatment for control of 
acutely raised ICP during neurosurgical procedures. 

METHODS: All patients (20) were scheduled for 
elective craniotomy for brain tumors. Arterial, central 
venous and intracranial (subarachnoid screw) pres- 
sure monitors were placed prior to general anesthesia 
(Thiopental-N;O-pancuronium-morphine) and pres- 
sures were recorded throughout each operation. De- 
spite an apparently satisfactory depth of general an- 
esthesia, either application of a pin head-holder or 
scalp incision produced significant intracranial hyper- 
tension (20 torr) in all patients. Ten patients were 
treated with a bolus injection of thiopental, 3 mg/kg 
JV, whereas the other 10 received lidocaine, 1% mg/ 
kg IV. No other drugs were given and ventilation was 
held constart. 

RESULTS: Both groups of patients were similar 
with regard to age, type of tumor, PCO: values and 
intracranial compliance. Lidocaine and thiopental 
both induced significant reductions in ICP toward the 
values observed before surgical stimulation (Figure). 
Thiopental caused a significant decrease in arterial 
pressure (26 torr + 9.6SE, p < .025), whereas mean 
arterial pressure was unchanged after lidocaine. Time 
from drug injection to ICP nadir was slightly but not 
significantly longer after lidocaine than thiopental (66 
sec + 105E versus 48 sec + 9SE). 

DISCUSSION: IV lidocaine probably reduces ICP 
in a similar fashion to barbituates, by reducing cere- 
bral blood flow and blood volume.” Lidocaine appears 
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FIGURE. Control of acute intracranial hypertension during neu- 
rosurgery. 


to control ICP as effectively as thiopental, yet causes 
minimal cardiovascular depression. This may be a 
distinct advantage for patients who sustain head in- 
juries complicated by shock or serious cardiovascular 
depression. 
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Spinal Anesthesia for Surgery in Patients with 
Previous Lumbar Laminectomy or Fusion 
Berkowitz S, and Gold Mi—University of 
Miami, Miami, Florida 


A history of previous lumbar laminectomy or ver- 
tebral fusion represents a relative contraindication to 
spinal anesthesia although no data support this con- 
tention. Spinal anesthesia is therefore occasionally 
withheld in patients for whom it is particularly well 
suited such as the elderly patient with pulmonary or 
cardiovascular disease scheduled for transurethral 
prostate resection. 

METHODS: Informed consent for spinal anes- 
thesia was obtained in 25 patients all of whom had 
undergone elective lumbar discectomy and in whom 
no neurologic deficit or symptoms of back pain ex- 
istec. Most were scheduled for transurethral prostate 
resection. All had a clinical diagnosis of pulmonary 
or cardiovascular disease and a careful assessment of 


the spme was made from x-rays with the help of a 
radiolcgist. The L 2-3 interspace was utilized in the 
majori-y of instances. 

RES JLTS: All lumbar punciures and ensuing spinal 
anesthesia were successfully performed and obtained. 
Hyperbaric tetracaine with or without 0.1 mg of epi- 
nephriae was used. No clinical difficulty nor compli- 
cations with either surgery or the anesthetic fpllowed. 
All pacients were carefully observed while in the 
hospital postoperatively. Motor function returned 
within one-two hours with return of sensation within 
two-three hours. All patient charts were reviewed 
six-twclve months after surgery and neurologic se- 
quelae were not diagnosed from clinic visits. 

COMCLUSION: We believe that spinal anesthe- 
sia ma~ be used in post laminectomy - fusion patients 
although the constraint against its use prevails. It is 
possib that a medical-legal stigma contributes. Al- 
thougl only 25 patients were investigated successful 
spinal ..nesthesia without complications was obtained. 
The acthors believe that radiographs of the lumbar 
spine raust be available and that a neurologic evalu- 
ation s3ould be noted on the chart. Therefore, despite 
anatomical change caused by lumbar surgery, when 
the clirical indication exists and is documented, spinal 
anesth-sia may be safely and successfully performed 
in sucl patients. 


Clinical Pharmacokinetics of Fazadinium 
Bromide in Renal Failure in Man 

Bevan DR—Royal Victoria Hospital, 
Montr2al, Canada, D'Souza J, Rouse JM, 
Caldwall J, Dring G, and Smith RL—St 
Mary’s Hospital Medical School, London, 
Englard 


Fazadinium bromide is a recently introduced com- 
petitive relaxant. Pharmacokinetic studies in patients 
with nermal renal function have demonstrated that its 
plasma clearance is greater and its terminal half-life 
is shor er than pancuronium or d-tubocurarine.' Also, 
neuromuscular blockade, following fazadinium, is not 
significantly increased in patients with renal failure.” 

The present study compares the neuromuscular 
blockade and the pharmacokinetics of fazadinium 
after administration to normals and patients with 
renal fuilure undergoing anaesthesia and surgery. 

PATIENTS AND METHODS: Five normal pa- 
tients end seven patients with end-stage renal failure 
were s"udied. Anaesthesia was induced and endotra- 
cheal intubation performed after droperidol, fentanyl 
and thiopentone. Anaesthesia was maintained with 
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N3O/O; fentanyl. Ventilation was controlled and the 
minute volume adjusted to maintain FE'COz at 30-35 
mmHg. 

Neuromuscular transmission was studied using 
train-of-four stimulation. Blood samples were taken 
at regular intervals after the administration of 1 mg/ 
kg fazadinium and relaxant concentrations were de- 
termined using a modification of the “rose bengal” 
technique for pancuronium. 

RESULTS AND DISCUSSION: Mean recovery to 
10 per cent of the response to the first stimulus of the 
train in normals was 90.1 + 13.6 minutes and 86.3 + 
29.9 minutes in renai failures. 

There was no significant difference in the phar- 
macokinetic variables between the two groups. Al- 
though t$ in renal failure, 80.2 + 29.5 minutes, was 
longer than in normals, 50.1 + 6.4 minutes, plasma 
clearance was also insignificantly increased, 220 + 
65.4 ml/min. vs 185.1 + 49.4 ml/min. 

Plasma fazadinium concentrations at 10 per cent 
recovery were not significantly different: 1.42 + 0.24 
ug/ml in normals and 1.69 + 0.50 ug/ml in renal 
failure. 

These results suggest that alternative routes of elim- 
ination can compensate for impaired renal excretion 
of fazadinium in man. Consequently, plasma concen- 
trations do not remain elevated and neuromuscular 
blockade is not prolonged. There is no evidence of 
any changes of sensitivity of the myoneural junction 
in renal failure. 

REFERENCES: 
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Renal Blood Flow During Combination 
Nitroprusside-Dopamine Infusions 

Birch AA, and Boyce WH—Bowman Gray 
School of Medicine, Winston Salem, North 
Carolina 


The beneficial effects of sodium nitroprusside 
(SNP), and dopamine combination in the treatment of 
congestive heart failure in man are now well known.’ 
The purpose of this study was to investigate the 
effects of the above drug combination on renal blood 
flow in man during anesthesia and surgery. 

METHODS: The study was carried out in 7 adult 
patients undergoing nephrolithotomy. The patients 
gave informed consent to the protocol previously 
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approved by the Medical Centers’ Committee on 
Clinical Research Practice. All patients were anesthe- 
tized with fentanyl, N2O, Oz, and relaxed with pan- 
curonium during the studies. The patients fluid load 
prior to the studies averaged 9cc/kg/hr. When the 
renal artery was surgically exposed, an electromag- 
netic flow probe was placed around it and renal blood 
flows recorded as well as radial artery pressures. 
Following a 5 min control period, the mean arterial 
pressure (MAP) was lowered from an average 116 torr 
to 79 torr by means of a sodium nitroprusside (SNP) 
infusion (100 ug/ml). This hypotension was main- 
tained for 5 min while MAP, renal blood flow (RBF), 
and urine output were recorded. Next, in addition to 
the SNP, a dopamine infusion of 2-3 yug/kg/min was 
started using a Harvard infusion pump. Data was 
collected for 5 min after which all infusions were 
stopped and the blood pressure allowed to return to 
baseline. 

RESULTS: The results are summarized in the Fig- 
ure. All data were analyzed by the 2 way analysis of 
variance utilizing the Duncan New Multiple Range 
Test. The patients demonstrated an average 32% fall 
in MAP with an associated 4296 fall in RBF with SNP 
infusion. The addition of dopamine to the SNP infu- 
sion resulted in a 2496 increase in RBF (p « .05) 
without any significant change in MAP (p > .05). 
When infusions were discontinued, the MAP re- 
turned to the normal (p > .05) but the RBF continued 
to increase (p « .05) probably due to residual dopa- 
mine effects. 

DISCUSSION: In this study we attempted to du- 
plicate the hypotension reported by Miller! so that 
the data would be comparable. Their patients' blood 
pressures were lowered to a mean of 77.7 torr and 
ours to 79.2 torr. We chose a dose of dopamine of 2- 
3 pg/kg/min because as Robie and Goldberg” have 
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Figure. Changes in renal blood flow (RBF) and mean arterial 
pressure (MAP) before and after infusion of SNP (Nipride) alone 
and the combination of SNP and dopamine (+1 SEM). 
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shown in dogs, any dose below 5 ug/kg/min is with- 
out significant aortic blood pressure effects. This ap- 
parently holds for human as there were no significant 
changes in the arterial pressure before or after dopa- 
mine infusion (79 torr vs 82 torr). Prior fluid loading 
is an important factor affecting RBF during SNP in- 
fusion.? Our patients received an average fluid load 
of 9cc/kg/hr. We conclude that RBF can be enhanced 
while the patients are undergoing moderate degrees 
of hypotension. Such information may be important 
in the treatment of patients who require SNP infu- 
sions, especially those with marginal renal function. 
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Neurological Effects of Epidural Dilaudid and 
Methadone in Volunteers 

Bromage P, Camporesi E, and Leslie JB— 
Duke University, Durham, North Carolina 


We have measured the analgesic characteristics of 
epidurally injected narcotics in three trained volun- 
teers (This investigation received the approval of the 
Clinical Investigations Committee of Duke University 


Medial Center.), using 0.5 mg hydromorphone (Di- 
laudid« in 2 subjects, and 5 mg methadone in one 
subjec. Injection was made in the lumbar region in 
2 sub-ects and in the upper thoracic region in one 
subjec. The following measurements were recorded 
under control conditions and after narcotic epidural 
injection: Two-point discrimination in limbs; subjec- 
tive caange of pin-scratch sensation on limbs and 
trunk; pain tolerance to tibial and sternal pressure 
using a weighted steel rod calibrated in kN/mm;? 
electrical stimulation of ankle and forearm, for both 


‘threshold signal detection and maximum pain toler- 


ance; zold pressor response to sequential ice-water 
immersion of hand and foot for 2 minutes, recording 
percertage difference of mean blood pressure eleva- 
tion curing second minute of immersion; motor 
power and coordination of all limbs; carbon-dioxide 
resporse curve by the Read technique. Sympathetic 
activit; was estimated by recording the psychogal- 
vanic -esponse (PGR) to noxious stimuli in arm and 
leg simultaneously, and by observing eye signs in the 
subject who received high thoracic epidural injection. 
The results are summarized in the Table. 

Onc to three weeks later each subject underwent a 
simila- series of tests before and after intravenous 
infusien of the same dose of narcotic. Intravenous 
infusien produced insignificant changes in pain tol- 
erance as measured by periosteal pressure, electrical 
stimubtion and ice-water immersion. 


TABLE 
Neurological Responses to Epidural Narcotic injection in 3 Volunteers 
Observation , Subject 1 Subject 2 Subject 3 
Sex. Age, Weight M, 24, 75 kg - M, 58, 84 kg M, 34, 59 kg 
Site of Puncture Lats Ta-To Lo-Ls 
Drug 0.5 mg Dilaudd 0.5 mg Dilaudid 5 mg Methadone 
2-Point Discrimination, Hand & Foot NO CHANGE 
Sensory Level (pin-scratch) Ta-Ss C.-T? Ts-Ss 
Max. Tolerance to Periosteal Pressure (96 Change +80% 0 +96% 
from Control) Tibial 

Sterna! +110% 0 
Electrical Stimulation (volts) 
% Change Stimulus for Signal Detection 

Ankle — 2096 — 2096 — 40% 

Forearm — — 2096 — 
96 Change Maximum Tolerance 

Ankle +35% O +36% 

Forearm — +30% -— 
Cold Pressor Test (96 change A Mean BP) 

Hand á — 4596 0 

Foot — 6896 +8% — 3896 


Motor Power, Coordination, CO2-Response Test, 
Tendon Reflexes PGR to noxious stimulation 


Pupil Diameter & Palpebral Fissure — 
--6 hours 


Duration of Analgesia 


NO SIGNIFICANT CHANGE 


No Change — 
~5 hours zà hours 
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Our findings confirm that epidural narcotics pro- 
duce marked analgesia in the doses employed.’ The 
analgesia is segmental in distribution, without any 
detectable suppression of spatial sensation, motor 
power, sympathetic efferent activity,” coordination, or 
significant change of ventilatory response to a rising 
inspired CO» concentration. 
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Vasodilators and Pulmonary Venous 
Admixture After Myocardial Revascularization 
Brooks JL Jr, Kaplan J, Finlayson DC, and 
Bozeman R— Emory University, Atlanta, 
Georgia 


Nitroglycerin (NTG) and nitroprusside (NP) affect 
pulmonary and systemic vascular beds. Previous stud- 
ies describe decreases in PaO» with both drugs. Intra- 
pulmonary venous admixture (Qspr/Qr) may be al- 
tered by drugs or an elevated F1Os.! This study inves- 
tigated the pulmonary and hemodynamic responses 
to varying F10% in patients receiving vasodilators after 
myocardial revascularization. 

METHODS: Patients with normal ventricular 
function without known lung disease were studied 
post-operatively. Monitoring included ECG and radial 
and thermodilution pulmonary artery catheters. Ven- 
tilation was controlled at a tidal volume of 12 ml/kg 
and a rate of 6-8/min. Twelve patients served as a 
control group, 6 patients received nitroprusside and 
6 nitroglycerin for postoperative hypertension. FiOs 
was varied from 0.21 to 1.0. After ten minutes at each 
FiO arterial and mixed venous blood gases were 
drawn; intravascular pressures and cardiac output 
were determined; and resistances and venous admix- 
ture were calculated. 

RESULTS: A consistent pattern was observed be- 
tween changes in FrOz and Qsr/Or (Figure). The Qsp/ 
Qr was lowest at an F1O; of 0.5 in all three groups (p 
< .005). No significant differences in Qsp/Qr ap- 
peared between controls and those receiving nitro- 
prusside (1.2 + 0.3 ug/kg/min) or nitroglycerin (0.6 
+ 0.9 ug/kg/min). A linear relationship, unaltered by 
vasodilators, existed between the FIO» and the PaQs. 
Changes in Qsp/Qr and PaOs did not correlate with 
hemodynamics. 

DISCUSSION: Our results comparing Qspr/Qr to 
FiO» are similar to those of Douglas,’ but the response 
to an elevated FiO. was small compared to his group 
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FIGURE. Changes in PaO; and QsP/Qr at varying FIO». 


which included patients in severe respiratory failure. 
This relationship was not affected by vasodilators in 
our patients with normal lungs.” We found small 
decreases in PaOs with vasodilators, as have others, 
but the lack of change in Qsr/Qr indicates that non- 
pulmonary factors were responsible. We conclude 
that either vasodilator can be used after myocardial 
revascularization in otherwise healthy patients with- 
out undesirable effects on venous admixture or oxy- 
genation. 
REFERENCES: 
1. Douglas ME, Downs JB: Change in pulmonary venous admix- 
ture with varying inspired oxygen. Anesth Analg 55:688-693, 
1976. 


2. Benumof JL: Hypoxic pulmonary vasoconstriction and infusion 
of sodium nitroprusside. Anesthesiology 50:481-483, 1979. 


Plasma Epinephrine and Norepinephrine 
During Anesthesia: Enflurane-N;O-O; 
Compared to Fentanyl-N;O-O; 

Brown FF IH, Owens WD, Felts JA, Spitznagel 
EL Jr, and Cryer PE—Washington University 
School of Medicine, St. Louis, Missouri 


We measured plasma epinephrine and norepineph- 
rine to learn whether catecholamines are higher dur- 
ing surgery under fentanyl-N9O-Os than under en- 
flurane-N?O-O;s anesthesia. ASA physical status I or 
II patients scheduled for abdominal surgery were 
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assigned randomly to Group I (11 patients) fentanyl 
anesthesia, or Group II (10 patients) enflurane anes- 
thesia. All patients received diazepam 0.1 mg/kg 
(oral) and atropine 0.006 mg/kg (IM) for premedica- 
tion; thiopental 4 mg/kg (IV) for induction; pancu- 
ronium 1 mg (IV) followed by succinylcholine 1.5 
mg/kg (IV) for intubation; pancuronium (IV) for re- 
laxation; and neostigmine 0.07 mg/kg (IV) with atro- 
pine 0.03 mg/kg (IV) for reversal of neuromuscular 
blockade. Group I patients had Innovar( 2 to 4 cc 
(IV) during induction; 66% N2O, 33% Os, supplemen- 
tal thiopental (IV) (total thiopental, including induc- 
tion dose, 5 mg/kg) and incremental fentanyl (IV) 
(total narcotic, including Innovar, 2.3 + 0.5 S.D. ug/ 
kg/hr) for maintenance. Group II patients had 50% 
N20, 50% Os and enflurane 1 to 496 inspired concen- 
tration for maintenance. 

For measuring plasma epinephrine and norepi- 
nephrine, venous blood was sampled before anes- 
thetic induction (baseline), after induction but before 
surgery (post induction), every 15 minutes during 
surgery (surgery) and 15 to 30 minutes after arrival in 
the recovery room (recovery). Arterial blood gases 
documented no hypoxemia and PCO, 37 + 3 S.D. 
torr with mechanical ventilation. 

The catecholamine pattern of change was the same 
for both anesthetic techniques. Plasma epinephrine 
and norepinephrine fell below baseline in the post- 
induction phase, then increased above baseline in the 
surgery and recovery phases (see Table 1). These 
changes were significant (p < 0.05, paired t-test) 
within each group. 

The only significant difference (p « 0.05, two sam- 
ples t-test) between the two groups occurred during 
surgery: Group Í had a greater plasma norepinephrine 
than Group II. 

Using a sensitive and accurate method of assaying 
cathecholamines, we measured plasma epinephrine 
and norepinephrine during two commonly used an- 
esthetic techniques. The pattern of change we ob- 
served resembles that observed under halothane- 
N3O-O» anesthesia.” If plasma catecholamine changes 


TABLE 1 

Aidata EE N Doe (pg/ml 

mean + p p 

olia Group | Group Il Group I Group Il 

n= 11 n= 10 n= 11 n= 10 

Baseline 39 +6 38 + 10 399 + 68 324 + 40 
pid 27 £4 1944 207446 236422 
Surgery 235 +61 113+ 21 703 + 95 463 + 38 
Recovery 204 +49 293+ 89 1757 + 373 967+ 191 


are a measure of sympathetic response to stress, then, 
under the conditions we used, enflurane anesthesia 
decreased the sympathetic response to stress during 
surgery more effectively than fentanyl anesthesia. 
REFERENCES: 

1. Cryer PE, Santiago JV and Shah S: Measurement of norepi- 
nephzne and epinephrine in small volumes of human plasma 
by a <ingle isotope derivative method: response to the upright 
posture. J Clin Endocrinol Metab 39: 1025-1029, 1974. 

2. Halte JB, Pflug AE and Porte D: Mechanism of plasma cate- 


chola nine increases during surgical stress in man. J Clin En- 
docri- ol Metab 45:936-944, 1977. 


Neuromuscular Drug Interactions of Clinical 
Importance 

Brueckner J, Thomas KC Jr, Bikhazi GB, and 
Foldes FF —University of Miami, Miami, 
Floride | 


Neuromuscular blocking agents and certain anti- 
biotics! or local anesthetics? mutually potentiate the 
neuromuscular effects of each other. Patients who 
have received muscle relaxants and antibiotics during 
surgery-may require lidocaine for the management of 
arrhythmias postoperatively. This study was under- 
taken te obtain quantitative information that would 
facilitat- the assessment of the neuromuscular effects 
of such drug combinations under clinical circum- 
stances. 

METHODS: The experiments were carried out 
on the rat phrenic nerve-hemiciaphragm preparation. 
Details 5f the method have been described elsewhere.! 
The dose response curve of the neuromuscular effect 
of lidocaine was determined without or after the 
prelimimary administration of subeffective concentra- 
tions of d-tubocurarine (0.25 ug/ml) alone or together 
with subeffective concentrations of neomycin (20 ug/ 
ml) or Folymyxin B (7 ug/ml). 

RESULTS: The findings summarized in the Figure 
indicate that the preliminary administration of inef- 
fective <oncentrations of d-tubocurarine caused a 4- 
fold, and that of d-tubocurarine and neomycin, a 15- 
fold decrease of ED50 of lidocaine. The >90% neu- 
romuscular block produced by the combination of the 
3 agents could be partially reversed by Ca** and 
completly by 4-aminopyridine. Similar results were 
obtained when instead of neomycin, polymyxin B was 
used. 

DISCUSSION: The significant potentiation of the 
neuromascular effects of d-tubocurarine by various 
combinetions of low concentrations of neomycin or 
polymyzin B and lidocaine may be explained by the 
differen- sites and mechanisms of action of these 
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FIGURE. Influence of the preliminary administration of subeffec- 
tive concentrations of d-tubocurarine (2), d-tubocurarine+ 
neomycin (3) or d-tubocurarine + polymyxin B (4) on the ED50 
(open columns) and ED9O (shaded columns) of lidocaine (1). 


compounds.” Because of this potentiation it is con- 
ceivable that when administered simultaneously in 
the perioperative period to patients who received d- 
tubocurarine for muscular relaxation, individually 
"safe" doses of certain antibiotics and lidocaine may 
cause profound neuromuscular block resulting in res- 
piratory failure. Since in vivo the neuromuscular ef- 
fects of lidocaine are relatively short lasting mechan- 
ical ventilation for brief periods will remedy the sit- 
uation. 
REFERENCES: 
1. Burkett L, Bikhazi GB, Thomas KC Jr, Rosenthal DA, Werta 
MG, Foldes FF: Mutual potentiation of neuromuscular effects 
of antibiotics and relaxants. Anesth Analg 46:39-45, 1979. 
2. Matsuo 5, Rao DBS, Chaudri I, Foldes FF: Interaction of muscle 


relaxants and local anesthetics at the neuromuscular junction. 
Anesth Analg 57: 580-586, 1978. 


Incision, Position, and Time Effects on Post- 
operative Hypoxemia in the Morbidly Obese 
Cork RC, and Vaughan RW —University of 
Arizona, Tucson, Arizona 


Post-operative hypoxemia in morbidly obese pa- 
tients varies with position, operative incision and time 
post-op (ref). The purpose of this study is to examine 
the interaction effects of position, operative incision 
and post-op time on PaO; and to examine the corre- 
lation of these effects with age and body mass index 
(BMI). 

METHODS: Morbidly obese patients scheduled 
for elective jejunoileal small bowel bypass were ran- 
domized as to type of incision (transverse or midline). 
All patients were free of cardiac or respiratory disease. 
Data collected included age, height, weight, type of 
incision and arterial blood gases at 24, 48 and 72 
hours after surgery in both the semi-recumbent and 
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supine positions. Three-way analysis of variance was 
used to examine the effects of position, incision and 
post-operative time, as well as the interaction effects 
of these three factors on PaOz. Paired t tests were 
used to compare PaO; in the semi-recumbent position 
with PaO; in the supine position at each of the three 
post-operative times. Paired t tests were also used to 
quantitate differences in PaO» at the three post-op- 
erative times. Linear regression was used to examine 
the effects of age and BMI on PaO» at 24, 48 and 72 
hours post-op in both the semi-recumbent and supine 
positions. Significance was defined as p « 0.05. Post- 
operative PaO» as a function of time, position and 
incision is shown in the Figure. 

RESULTS: Fifty-four patients were studied, forty- 
six women and eight men. Mean age was thirty-five 
years, mean weight was 146 kg, mean height 168 cm 
and mean body mass index (weight/height’) 51.9. 

The significant main effects on post-operative PaOs 
were position and time. Incision type had no signifi- 
cant effect. All interaction effects were not significant. 
Semi-recumbent PaOs was significantly higher than 
supine PaO; at all three post-operative times. PaOs 
was significantly more depressed at 48 hours post-op 
than at either 24 or 72 hours post-op in both semi- 
recumbent and supine positions. A significant corre- 
lation between PaO% and age existed at all three post- 
operative times and in both positions. No interaction 
between age, position, or post-op time was noted. No 
correlation was noted between BMI and PaO; on any 
of the three post-operative days in either the semi- 
recumbent or supine position. 

CONCLUSION: These results show that in mor- 
bidly obese patients: (1) post-operative PaO is af- 
fected by patient position and time post-op, (2) post- 
operative PaO% correlates with age but not degree of 
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FIGURE. Post-operative PaO- as function of time, position, and 
incision. 
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obesity (BMJ), and (3) no significant interaction effect 
on PaO: exists among the variables of age, position, 
operative incision and time post-op. Consequently, 
the most important determinants of post-operative 
hypoxemia in obesity are age, post-operative position 
and time post-op. Moreover, those effects are addi- 
tive. 

REFERENCE: 


1. Vaughan, R. W., Englehardt, R. C., Wise, L. Postoperative 
hypoxemia in obese patients. Ann Surg 180:877-82, 1974. 


Anesthetic Potencies and the Theories of 
Narcosis 

Deady J, Koblin DD, Eger El Il, D'Aoust B, and 
Heavner JE—University of California, San 
Francisco, California 


Shim and Anderson! reported that the fraction of 
MAC which abolished the righting reflex varied from 
1.0 to 1.5 for different anesthetics. This implies that 
the righting reflex is depressed by a different mech- 
anism from that which depresses response to painful 
stimuli. Presuming the righting reflex and MAC are 
equally pertinent to anesthesia, the variation in the 
ratio conflicts with the unitary theory of narcosis. 
Because of the importance of this concept, we have 
redetermined these measures of anesthetic potency. 

The partial pressures of halothane, enflurane, iso- 
flurane, cyclopropane, nitrous oxide, and chloroform 
required to abolish the righting reflex were deter- 
minec with mice placed in individual wire cages 
which could be rotated at 4 rpm. In a separate exper- 
iment with the same mice (with the exception of the 
chloroform exposed group), we also determined an- 
esthetic partial pressures required to abolish move- 
ment in response to clamping of the tail (i.e. MAC). 
Righting reflex and MAC values for chloroform were 
obtained in separate animals because of the toxicity 
of the agent. The nitrous oxide MAC was determined 
in a walk-in hyperbaric chamber. For each mouse we 
averaged the doses that just abolished or allowed the 
righting reflex (RR ED50) or that just permitted and 
prevented movement in response to stimulation 
(MAC). RR ED50, MAC and standard error for a 
group of mice were calculated from the individual 
crossover values except for NeO where individual 
MAC values could not be obtained, since at 2.50 atm 
N-O, 29 of the 36 animals tested were dead, and of 
the 7 remaining alive, 4 gave positive responses. This 
suggests that the lethal dose of NeO is less than the 
anesthetizing dose and that we may have underesti- 
mated MAC. 





TABLE 

Anes- P RR ED50 + MAC + 5E (% MAC RR ED50 

thetic SE (96 atm) atm) t SE 
Halothane 42 0.63 + 0.02 1.00 + 0.04 1.68 + 0.11° 
Enflurane 23 1.23 + 0.04 2.19 + 0.08 1.98 + 0.08 
isoflurane 28 0.66 + 0.03 1.41 + 0.03 2.23 + 0.12 
Cs3He 9 13.4 + 0.58 26.6 + 0.78 2.02 + 0.11 
N2O 7 147 + 5.5 275 z1.87 
CHCl, 7 0.36 + 0.02 0.58 + 0.04 1.61 

(n = 16) (n = 10) 


* MAC/3R EDSO significantly different between halothane and iso- 
flurane exp sed groups at p < 0.005. 


Our results qualitatively differ from those of Shim 
and Anderson in that MAC was considerably greater 
than the RR ED50 (Table). In 4 of 6 agents, MAC was 
approximately twice as great as the RR ED50 (1.87- 
2.23, see Table). Halothane and chloroform (the most 
soluble gents) deviated from this figure giving values 
of 1.68 and 1.61, respectively. The ratios of MAC to 
RR EDS) were significantly different as determined 
by the aralysis of variance between the halothane and 
isoflurare exposed mice. We believe the halothane 
deviatior is real. The higher solubility of halothane 
combined with the respiratory depression associated 
with inc-eased anesthetic concentrations if anything 
should increase the MAC/RR ED5S0 ratio. (The chlo- 
roform ceviation may not be real since the agent is 
toxic and since we did not obtain the MAC and RR 
ED50 va ues in the same mice.) 

In suramary, our results qualitatively support the 
suggestien by Shim and Anderson that - at least in 
part - tle righting reflex is depressed by a different 
mechanism from that which depresses response to 
painful simuli. That is, a unitary mechanism of action 
cannot completely explain both types of depression. 
REFERENCE: 

1. Shim ZY, Anderson NB: Minimal alveolar concentration 


(MAC and dose-response curves in anesthesia. Anesthesiology 
36:146-151, 1972. 


Succinylcholine Drip in Children—Dose 
Relationships of Tachyphylaxis and Phase II 
Block L evelopment 

De Coax TH, and Goudsouzian NG—Harvard 
Medica. School, Boston, Massachusetts 


The n-uromuscular effects of a single dose of suc- 
cinylchoine (SCh) in children are adequately re- 
ported; Fowever, the neuromuscular effects of contin- 
uous LV infusion of SCh in children have not been 
reported 

METFODS: The effects of continuous SCh in- 
fusion were studied in 10 children (9 months to 7 
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TABLE 1 


Summary of Results of Continuous Infusion of SCh in 
Children 





Mean x S.E. Range 

Dose of SCh for Tachyphy- 3.7 + 0.5 mg/kg 2.1-7.4 mg/kg 
laxis 

LY. Drip Duration for Tach- 18.4 + 1.8 min. 11-28 min. 
yphylaxis 

SCh Dose for Phase il 5.2 + 1.1 mg/kg 2.1-12,8 mg/kg 
Block e 

Maximal Cumulative SCh 8.9 + 1.3 mg/kg 4.4-16.4 mg/kg 
Dose 

Lowest Train-of-Four 31.6 x 7.196 5-7296 
Achieved 

Recovery Time from Low- 40.1 + 8.5 min. 1-65 min. 


est to 7596 Train-of-Four 
(T4/T,) Ratio 


years). Anesthesia was induced via nitrous oxide/ 
halothane and maintained with 1% halothane via face 
mask; a control twitch height was obtained. Atropine 
0.01 mg/kg I.V. was given followed by SCh, 1 mg/kg 
LV. bolus, to facilitate tracheal intubation. For surgical 
relaxation (5-60 minutes after tracheal intubation), 
I. V. SCh (0.2 mg%) was infused via an IMED (Model 
922) volumetric infusion pump at rates of 5.0, 7.5, and 
up to 10 mg/kg according to clinical requirements 
and to twitch response. 

The force of contraction of the thumb was recorded 
on a Grass (Model 7C) polygraph via a Grass FT-03 
force-displacement transducer. Square wave pulses of 
supramaximal voltage were delivered via a Grass 544 
stimulator to the ulnar nerve at a frequency of 0.1 Hz; 
intermittent standard train-of-four stimuli (2 Hz for 
2 seconds) were also recorded. 

Tachyphylaxis was defined to occur when twitch 
height began to increase despite a constant SCh LV. 
infusion. Phase II block was considered to occur when 
the fourth twitch (T4) in a train-of-four response was 
50% of the first of the same train (T4/T1 = 50%). 

Results are summarized in Table 1. 

DISCUSSION: Tachyphylaxis to continuous 5Ch 
LV. infusion occurred consistently prior to phase II 


TABLE 
Halothane (N = 8) 


block in halothane anesthetized children, a point in 
partial agreement with Lee's study! in halothane anes- 
thetized adults. This, however, is in contrast to Ram- 
sey, et. al.'s study (personal communication) in adults 
that showed tachyphylaxis in only 25% of patients 
anesthetized with nitrous oxide/oxygen narcotic. Fur- 
thermore, we found that children require slightly 
more SCh (mg/kg) than adults before the occurrence 
of phase II block. Because of the slow recovery time 
from phase II block and individual variability to SCh 
LV. infusion, we recommend that neuromuscular re- 
sponse be carefully monitored when using LV. SCh 
drip infusions in children. 
REFERENCE: l 

1. Lee, Chingmuh: Dose relationships of phase II, tachyphylaxis 


and train-of-four fade in Sch-induced dual neuromuscular 
block in man. Br. J. Anaesth. 47:841, 1975. 


Cardiovascular Effects of Halothane and 
Enflurane in Patients with Coronary Artery 
Disease 
Delaney TJ, Kistner JR, Miller ED Jr, and Lake 
CL —University of Virginia, Charlottesville, 
Virginia 

Halothane and enflurane are known myocardial 
depressants in healthy individuals at 1 MAC. To what 
degree myocardial depression is produced by these 
two anesthetics in patients with coronary artery dis- 
ease has not been studied. Informed consent was 
obtained from 16 adults with ischemic heart disease 
undergoing coronary artery bypass grafting. Patients 
with significant ventricular dysfunction were ex- 
cluded from the study. Patients were premedicated 
with morphine and scopolamine. The patients 
breathed 10096 oxygen by mask for five minutes and 
the following were measured: cardiac output, heart 
rate, arterial pressure, pulmonary artery pressure, 
PCW, CVP and arterial blood gases. Derived indices 
included rate-pressure product (RPP), cardiac index 


Enflurane (N = 8) 


Control 2 MAC Ys MAC Control %2 MAC 34 MAC 
CI (1 /min/M?) 2.67 + .08 2.19 + .06* 2.24 + .08* 2.65 + .16 284+ .17** 2.91 + .23** 
MAP (torr) 92 + 2 73 + 3° 67 + 2° 99 +6 75 + 4* 68 + 5" 
HR (bpm) 57+ 4 53 + 3° 52 + 3° 53 +3 544 3 5543 
PCW (torr) 6.25 + .70 9.13 + 1.57° 9.38 + 1.65* 8.75 + 1.46 8.75 + 1.06 8.38 + 1.27 
CVP (torr) 3.50 + .42 6.25 + 1.03" 6.75 + 1.27* 3.88 + 1.11 6.13 + 1.19 5.63 + .94 
SVR (d-s/cm?) 1396 + 99 1264 + 71° 1118 + 77° 1572 + 131 1093 + 104° 973 + 133° 





* p < 0.05 compared to control, paired t-test. 


** p < 0.05 compared to halothane at corresponding level, unpaired t-test. 
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(CI), systemic vascular resistance (SVR), stroke vol- 
ume (SV), stroke volume index (SVI), and left ven- 
tricular stroke work index (LVSW)). Following base- 
line measurements, anesthesia was induced with 
either halothane or enflurane in 100% oxygen by 
mask. End-tidal concentrations of anesthetic were 
continuously measured by a Beckman LB-II. The 
measurements were repeated at two potencies for 
each agent (4 MAC and % MAC) following ten 
minutes of equilibration at each end tidal concentra- 
tion. See the Table. 

Our data indicate that at relatively low doses of 
anesthetic, both agents cause a marked decrease in 
mean arterial pressure but by a different mechanism. 
Halothane causes a decrease in cardiac output and 
total peripheral resistance while enflurane results in 
a decrease in peripheral resistance alone. Further- 
more, halothane causes an increase in both PCW and 
CVP which is not seen with enflurane. The primary 
afterload-reducing effect of enflurane may be bene- 
ficial to some patients whereas other patients may 
benefit from the greater myocardial depression seen 
with halothane. | 


Relationship of Seizure Activity to Neurologic 
Outcome Following Cardiac Arrest in the Cat 
Dunlop BJ, Rockoff MA, Gilroy BA, and Shap- 
iro HM—University of California, San Diego, 
La Jolla, California 


Neurologic dysfunction following successful resus- 
citation from cardiac arrest is due to the duration of 
the ischemia or to ongoing destructive processes fol- 
lowing recovery of cardiovascular function. This 
study identifies seizures as a secondary destructive 
phenomenon and documents their effect on neuro- 
logic outcome in cats. 

METHODS.  Ventricular fibrillation was induced 
with an electric current in three groups of adult cats 
anesthetized with N20, Oo, and given pancuronium. 
Duration of cardiac arrest was 10 minutes (n = 7), 12 
min. (n = 14), and 14 min. (n = 12), and resuscitation 
to a spontaneous blood pressure of greater than 100 
torr systolic was accomplished in 5 minutes in each 
cat using standard resuscitation techniques. Each cat 
was ventilated for four hours, then weaned and ex- 
tubated. A neurologic deficit score based upon the 
clinical neurologic exam of the cat was assigned at six 
hours, and then daily for 7 days. Results are reported 
as mean + SEM. Statistical analyses were done with 
Chi-square or non-paired t-test. 

RESULTS: The electroencephalogram became 
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FiauRE. Neurologic deficit score following arrest of 12 and 14 
minutes duration. 100% represents the most severe deficit and 
0% represents normalcy. 


isoelectric in 23 + 1 seconds, and the pupils maxi- 
mally dilated by 76 + 3 sec. following onset of fibril- 
lation. Resuscitation times were 121 + 21 sec, 156 + 
13, and 154 + 17 seconds in the 10, 12, and 14 minute 
arrested groups respectively. Seizure incidence in- 
creased from 29% in the 10 min. group to 71% (12 
min) and 83% in the 14 min. group (Figure). Within 
both the 12 and 14 min. groups, the neurologic deficit 
was approximately 30% higher in cats who seized 
than in cats who recovered without seizures. The 
foregoing group differences are significant at the p 
< 0.05 level. 

DISCUSSION: The results indicate that seizures 
are frequent following cardiac arrest in the cat and 
that their occurrence may be of pathogenetic conse- 
quence. Seizures following ischemic/hypoxic insults 
in humans are considered a poor prognostic sign. 
Aggressive anticonvulsant therapy might reduce neu- 
rologic damage following cardiac arrest. An explana- 
tion for the reported benefit of barbiturates in ame- 
liorating post ischemic brain injury may be their 
ability to suppress unrecognized seizure activity, thus 
preventing secondary brain damage. 


Ethanol Increases Serum fj-Endorphin Levels in 
Rats | 
Eskelson CD, Hameroff SH, and Kanel JS— 
University of Arizona, Tucson, Arizona 


Acute ethanol intoxication often complicates the 
care of traumatized patients. Because of peripheral 
vasodilatation and depressed cardiovascular and res- 
piratory reflexes, blood loss is poorly tolerated in 
ethanol loaded patients and early hypotension and 
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TABLE 
Results 





Serum $-endorphin Brain f-endorphin 


pg/ml + SEM pg/gram + SEM 
Ethanol treated 908 + 246* 4147 x 993 
Control 355 + 133° 2727 + 302 


* Significantly different by "t` test at p < .05. 


acidosis may result. Cross tolerance among ethanol 
and narcotics, and reversal of ethanol intoxication by 
naloxone have implicated endogenous opiate com- 
pounds (“endorphins”) in mediation of ethanol ef- 
fects. In this study, we measured -endorphin levels 
in serum and brains from ethanol treated rats. 

METHODS: Male Sprague-Dawley rats (190-520 
gm) were housed for eight days. One group (16 rats) 
received water ad lib. The water of the second group 
(12 rats) contained 10% ethanol by volume. Rats were 
sacrificed by decapitation, their brains removed and 
weighed, and approximately 5 ml of blood obtained. 
The brains were homogenized and centrifuged; the 
supernatants were decanted, and placed in polypro- 
pylene tubes (all samples were maintained at 1° to 
5°C in polypropylene containers). The blood was 
centrifuged and then decanted. One ml of each serum 
sample was placed in a polypropylene tube; the en- 
dorphins were absorbed on 50 mg talc tablets! and 
the abscrbed material was washed two times with 
deionized, distilled water. One ml of an HCl:acetic 
acid solution was added to the serum samples. All 
samples (blood and brain) were lyophilized overnight 
in phosphate buffer. Radioimmunoassay (New Eng- 
land Nuclear) was then performed in which sample 
f-endorphins compete with a constant quantity of D? 
labeled -endorphins for a limiting number of bind- 
ing sites on rabbit B-endorphin antibody. 

RESULTS: The Table summarizes the results. 

DISCUSSION:  fi-endorphin, which circulates in 
the serum for several hours, may partially mediate 
some aspects of acute ethanol intoxication. These 
could include euphoria, analgesia, and depression in 
the CNS, and peripheral/autonomic suppression of 
cardiovascular, ventilatory, and airway reflexes. Ar- 
terial hypotension, bradycardia, and depressed baro- 
receptor responses caused by halothane are report- 
edly reversed by naloxone.” Similar effects induced 
by ethanol apparently contribute to intoxicated pa- 
tients’ intolerance to blood loss. Naloxone might thus 
be clinically useful for ethanol intoxicated trauma 
victims. Future work will investigate the cardiovas- 
cular effects of ethanol, 8-endorphin, and naloxone. 
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Consumption of Vitamin B;; During 
Nitroprusside Administration 

Fahmy NR—Harvard Medical School, 
Massachusetts General Hospital, Boston, 
Massachusetts 


Sodium nitroprusside (SNP) is widely employed to 
treat hypertensive crises, to induce hypotension dur- 
ing operation, and to decrease pre- and afterload 
following myocardial infarction or congestive failure. 
Increased experience with this drug has led to the 
realization that its toxic potential is greater than pre- 
viously believed. The purpose of this study was to 
determine some metabolic changes associated with 
SNP infusion. 

METHODS: Ten patients undergoing major or- 
thopedic operations were studied. Nitrous oxide:ox- 
ygen, intravenous morphine and d-tubocurarine were 
used for anesthesia. SNP was infused to lower mean 
arterial pressure to 55 torr to decrease blood loss. 
Arterial blood samples were withdrawn prior to an- 
esthetic induction; before, during (every hour for 3 
hours) and 2 hours after SNP administration. Samples 
were analyzed for: whole blood cyanide (CN), plasma 
thiocyanate (SCN), plasma total vitamin Bye, lactate 
and pyruvate, serum electrolytes, and PO», PCO; and 
pH. Cyanide and thiocyanate were measured by a 
colorimetric method, plasma total vitamin By by ra- 
dioisotope dilution method, lactate and pyruvate by 
enzymatic methods, serum electrolytes by flame pho- 
tometry, and PO, PCO; and pH by conventional 
electrodes. 

RESULTS: The average dose of SNP per patient 
was 50.2 mg, infused over a (mean) period of 207 
minutes. CN concentrations showed steady and sig- 
nificant (p « 0.01) increases which continued post- 
operatively. Pre-SNP CN concentration was 3.6 + 0.9 
ugh and increased to 35.3 ug% three hours after SNP 
was begun. SCN concentration showed small but 
significant elevations. Plasma total vitamin Bis (pg/ 
ml) decreased significantly (p « 0.01) from 482 (pre- 
SNP) to 267 (after 3 hours). A small but significant 
increase in blood lactate occurred. PO; was decreased 
significantly during SNP infusion. | 

DISCUSSION: SNP combines nonenzymatically 
with hemoglobin liberating five CN ions, some of 
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which are converted to thiocyanate by hepatic rho- 


danese. The observed elevations in CN levels were 


related to total dose of SNP. The fact that SCN levels 
did not increase sharply (as did CN levels) suggests 
that the elimination of CN can occur by other routes. 
An important observation was the significant decrease 


in vitamin Bj» levels. This strongly implicates vitamin 
Big in the metabolism of SNP (and CN). 


Some degree of tissue hypoxia might account for 


the small increase in blood lactate; CN combines with 
cytochrome oxidase, impairing tissue respiration. 

Two important conclusions emerge: (1) appropriate 
metabolic monitoring can help prevent toxicity during 
SNP infusion; and (2) patients with vitamin Bye defi- 
ciency may represent a contraindication to SNP ad- 
ministration. Furthermore, plasma vitamin By levels 
should be monitored during the long-term use of 
SNP. 


Alternative to PEEP for Maintenance of 
Oxygenation 

Gallagher TJ, and Banner MJ—-University of 
Miami, Miami, Florida 


This study was designed to determine during acute 
respiratory failure if mechanical ventilatory support 
other than PEEP could affect oxygenation. The influ- 
ence of inspiratory time on intrapulmonary shunt was 
studied. 

MATERIALS AND METHODS: All patients 
studied had acute respiratory failure requiring more 
than 15 cm H2O PEEP to keep intrapulmonary shunt 
at 1596. When PEEP was lowered shunt had increased. 

Intermittent mandatory ventilation delivered 12 cc/ 
kg tidal volume. Inspiratory time was one second. 
The rate kept PaCOs at 34-45 mm Hg and the spon- 
taneous breathing rate less than 30 breaths per min- 
ute. 

'Intrapulmonary shunt, PaO5, PaCO;, cardiac output 
and arterial venous oxygen content difference were 
documented at the above control levels. PEEP was 
then decreased by 4096 and peak inflation pressure 
reduced by 30%. The mechanical inspiratory time was 
then increased from one to two, three, four and five 
seconds. Data was recollected after 30 minutes for 
equilibration at each point. 

Statistical evaluation was by paired t test analysis. 


RESULTS: Optimal results were at an inspiratory.- 


time of four seconds and that data is presented. PEEP 
was lowered from 27 + 11 cm HO at one second 
inspiration to 16 + 7 cm H3O at four seconds inspi- 
ration (p « .01). Simultaneously the peak inflation 








TABLE 1 
Oxygenation Inspiratory Time 

1 sec 4 sec P 
PaO; (rrm Hg) 107 + 357 111 + 35° >.8 


41 + 8* >.9 
TG = 4* 2.9 


47 + 8° 


intrapulmonary shunt (%) 18 + 8* 





* Stendard deviation. 








TABLE 2 
Cardiovascular Inspiratory Time 

1 sez 4 sec P 
Cardiac Output (L/min) 7.9 + 3.8" 7.1 + 2.8’ >.9 


Arterial Venous Oxygen 
Conteat Difference (ml/ 


10C ml) 4.4 :x* 1.5 


4.4 X. 1.5* 2.9 


* Standard deviation. 


pressu-e was limited from 82 + 32 cm H3O to 55 + 
19 cm 20 (p < .01). Ventilator rate remained six per 
minute. 

There were no changes in oxygenation or ventila- 
tion (Table 1). Cardiac performance was not affected 
(Table 2). 

DISCUSSION: This study provides evidence that 
manipulation of the inspiratory limb of respiration 
also afzects blood gas exchange. PEEP is not the only 
determünant. Maintenance of cardiac performance 
may make the method clinically feasible. 


Role cf Micropore Blood Filters in Respiratory 
Failur? 

Gallacher TJ, Caruthers TE, and Civetta JM— 
University of Miami, Miami, Florida 


The purpose of this study was to assess the effec- 
tiveness of micropore blood filters in ameliorating 
acute r2spiratory failure in surgical patients requiring 
massiv? transfusion. 

METHOD: Criteria for entrance into the study 
included transfusion of 7 or more units of whole, 
bankec blood during elective or emergency opera- 
tions. Furthermore all had to have required at least 5 
cm H9 PEEP to maintain intrapulmonary shunt 
(Qsp/Ot) at 15% (FiO: = .45). 

Patients were randomly placed in one of two 
groups Group À received blood through a standard 
170 micron filter while Group B received all blood 
through a 40 micron filter. Treatment end points were 
the sarre for both groups. PEEP was added until shunt 
was 15% or less. Mechanical ventilatory support uti- 
lized irtermittent mandatory ventilation. Cardiovas- 
cular rronitoring included a pulmonary artery cathe- 
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TABLE 1 
Respiratory Function 
Group A Group B P 
PEEP (cm H20) 17.5 + 11.6* 18.0 + 11.4" .8 
Days of PEEP 8.5. 12.1* 6.8 + 72* >.5 
Days of Ventilation 7.9 + 11.6° 6.5 + 7.2* >.5 
* Standard deviation. 
Ld 
TABLE 2 
Cardiovascular Parameters 
Group A Group B P 
Cardiac Index 3.45 + 44* 3.70 + 1.14* 2 


Arterial-Venous Oxy- 4.96 + 1.55* 
gen Content Dif- 
ference (ml/ 100 
ml) 


5.0 + 8.0* >.6 


Pulmonary Artery 2B E 7.2° 29 + 8.0* 2.6 
Pressure (mm Hg) 
Pulmonary Vascular 143 + 56° 


142 + 79* 2.9 
Resistance i 
(dynes-cm ? sec) 


* Standard deviation. 


ter for measurement of cardiac index and pulmonary 
artery pressure. Pulmonary vascular resistance and 
arterial-venous oxygen content difference were cal- 
culated. 

Statistical evaluation was by paired t test analysis. 

RESULTS: There were 35 patients in Group A 
and 32 in B. The number of units transfused were 
16.4 + 12.4in A and 17.6 + 11.0 in B. The age of the 
blood was 11.7 + 3.9 days in A and 9.6 + 3.6 in DB. 
None of these variables were statistically different. 

Table 1 lists the level of interventions and length of 
treatment for both groups. There were no differences. 
Cardiovascular parameters were unchanged in both 
groups (Table 2). 

CONCLUSION: This study provides evidence 
that in patients who develop acute respiratory failure 
and who have received more than 7 units of whole 
blood, the use of micropore blood filters does not 
seem to affect pulmonary function. 


Memory Effects of Subanesthetic Concentration 
of Nitrous Oxide 

Ghoneim MM, Mewaldt SP, and Petersen 
RC—University of lowa, lowa City, lowa 


Subanesthetic concentrations of nitrous oxide are 
used for analgesia and are occasionally abused. We 
studied the memory deficit produced by 30% nitrous 
oxide in oxygen and qualified the impairment in 
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terms of "short" and “long” term memory and within 
the phases of acquisition, storage, and retrieval. We 
also investigated the memory effects of the gas in the 
context of state-dependent learning. The latter may 
be defined as impairment of retrieval of information 
when the central nervous system state is altered from 
the state during which the material was learned. 

There were 40 normal volunteers; two drugs; 3096 
nitrous oxide in oxygen ("N", monitored in the end- 
expired air by an infra-red analyzer), and 10096 oxy- 
gen ("P", placebo); and two experimental sessions. 
Subjects were divided into four groups according to 
the drug which they inhaled in the two sessions: PP, 
PN, NP, and NN. 

After practicing on the tests, subjects inhaled either 
"N" or "P" for 30 minutes, followed by answering a 
subjective questionnaire and a multiple trial free recall 
test. After a 30-minute rest period, subjects inhaled 
the gas for 30 minutes, followed by answering another 
subjective questionnaire, a digit span test, mathemat- 
ical problems test, and tried to recall the words of the 
lists which they had heard in the first session. 

“N” produced a marked decrease in learning; mean . 
number of words recalled was 22.9 vs. 50.2 for “P” 
(p « .001). On the digit span test, the percent of 
correct digits under “N” was 63.0 vs. 76.8 under "P" 
(p « .01), indicating an impairment of short term 
memory. “N” also reduced the number of mathemat- 
ical problems attempted; mean number was 39.0 vs 
52.8 for "P" (p « .002) and reduced the accuracy: 
75.5% for “N” vs. 94.8% for "P" (p « .001). Compu- 
tation of the difference scores between the number of 
words learned in session I and the number recalled in 
session II suggests some impairment of retrieval under 
“N” and perhaps a weak state-dependent effect. 


Pharmacokinetic Interaction of Local 
Anesthetics and Diazepam 

Giasi RM, Covino BG, and D'Agostino E— 
University of Massachusetts, Worcester, 
Massachusetts 


The sedative effects of intravenous diazepam are 
often utilized in conjunction with regional anesthesia. 
Since the new long acting local anesthetics, bupiva- 
caine and etidocaine, are highly bound to plasma 
proteins!, pretreatment of patients with diazepam 
which also has a high affinity for plasma proteins” 
may alter the pharmacokinetic properties of these 
local anesthetics. 

METHODS: Forty patients participated in the fol- 
lowing study. Twenty patients received 1.596 etido- 
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caine via a lumbar epidural catheter. Twenty patients 
received diazepam 0.1 mg/kg five minutes prior to 
the initiation of epidural anesthesia with either 0.5% 
bupivacaine or 1.5% etidocaine. The remaining twenty 
patients received no diazepam. The epidural space at 
L 3-4 was identified by the standard loss of resistance 
technique and an epidural catheter inserted. A test 

- dose of 4 ml of lidocaine without epinephrine was 
employed followed by 15-20 ml of either bupivacaine 
or etidocaine. A 16 gauge venous catheter placed in 
an antecubital vein was used to draw blood samples 
prior to and at 10, 20, 30, 60, 120, and 180 minutes 
following the initiation of epidural administration 
with bupivacaine or etidocaine. Venous plasma levels 
of bupivacaine and etidocaine were determined by 
gas chromatography. At each sampling period, heart 
rate, systolic and diastolic pressure were recorded and 
the onset of sensory analgesia and motor block in 
each patient was noted. 

RESULTS: In patients pretreated with diazepam, 
the mean peak venous plasma level of bupivacaine 
was 0.44 + 0.07 ug/ml as compared to a mean level 
of 0.32 + 0.03 ug/ml in those patients who did not 
receive diazepam. This difference was not significant 
at the 0.05 level. The rate of disappearance of bupi- 
vacaine from blood was more rapid in the bupivacaine 
group pretreated with diazepam. The T !^ f of bupi- 
vacaine was 260 minutes in the diazepam treated 
group compared to 200 minutes in the non-diazepam 
treated patients. There was no significant change in 
heart rate in either group. À more pronounced de- 
crease in systolic and diastolic pressure was observed 
following epidural blockade with bupivacaine in the 
diazepam treated patients. 

The mean peak venous plasma level recorded in 

the group of patients receiving both etidocaine and 
diazepam was 0.53 + 0.08 ug/ml while the mean peak 
plasma level of etidocaine in the group that was not 
given diazepam was 0.32 + 0.05 ug/ml. There is no 
significant difference between these figures. There 
was also a significant difference between the T !^ 8 of 
etidocaine in the non-diazepam treated patients (180 
minutes) compared to the diazepam treated group 
« (120 minutes). However, at 10 minutes following the 
epidural administration of etidocaine, a significantly 
higher venous plasma level of etidocaine was found 
in the diazepam treated group. There were no signifi- 
cant differences in heart rate between the two groups. 
However, the degree of systolic and diastolic hypo- 
tension again was more marked following epidural 
anesthesia with etidocaine in patients receiving diaze- 
pam. 


DISCLSSION: The results of this study on the 
potential pharmacokinetic interaction of diazepam 
with bupivacaine and etidocaine indicate that diaze- 
pam pretreatment can alter the disappearance rate of 
bupivaca ne and etidocaine. The high protein binding 
capacity of diazepam may result in a saturation of 
plasma protein binding sites. Subsequent administra- 
tion of Eupivacaine and etidocaine may result in a 
decreased protein binding of these agents and so 
increase -he amount of free drug which would favor 
a more rapid rate of tissue redistribution or hepatic 
metabolism. In addition, the results suggest that pre- 
treatmen: with diazepam may produce a more pro- 
found degree of hypotension following epidural 
blockade. 

REFERENCES: 
1. Tucker GT, Mather LE: Pharmacokine-ics of local anaesthetic 
agents. Br ] Anesth 47:213-224, 1975. 
2. DiGregorio GJ, Piraino AJ, Ruch E: Diazepam concentrations 


in parctid saliva, mixed saliva, and plasma. Clin Pharmacol 
Ther 2-:720-725, 1978. 


The Efficacy of Transcutaneous Nerve Stimu- 
lation ir. the Treatment of Post-Operative Pain 
Goldine- PL, Jain S, and Rooney S-M-—New 
York Hospital-Cornell Medical Center, New 
York, N»w York 


Although transcutaneous nerve stimulation has 
been use4 in the treatment of chronic pain for several 
years its 2ffectiveness in the treatment of acute post- 
operative pain has not been well studied. In the study 
presentec transcutaneous nerve stimulation was eval- 
uated in patients undergoing thoracotomy. The effect 
of TNS on narcotic analgesic requirements in 22 
patients was compared to the narcotic requirements 
of a control group of 22 patienis not receiving TNS 
treatment. The patients were studied in the Recovery 
Room during the first post operative 24 hours. 

The stady group consisted of 44 adult patients of 
both sexes. All patients were interviewed preopera- 
tively and informed consent for the study was ob- 
tained. Alternate patients were chosen for transcuta- 
neous ne-ve stimulation, using a Stimtech EPC Clin- 
ical Stimulator and sterile Stimflex electrodes placed 
in the O.3. Stimulation was coniinuous using a pulse 
rate of 120, a pulse width of 0.2 millidecands and an 
output current of 14 to 20 milliamperes. 

The fo-lowing results were obtained as shown in 
the Table. Five of the 22 patients in the TNS group 
required no narcotics during the study period, No 
patient ir the control group was narcotics free. In the 
remaining patients it can be seen that patients in the 
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TABLE 





No. of patients 


Total patients receiving no Patients receiv- 
narcotics in 24 Ing narcotics 1st-12 hrs 
hours ; 
TNS 
22 5 17 1 
Control 
x “ee 0 22 O 


TNS group required narcotics with much less fre- 
quency than those in the control group. 

Our observations lead us to the conclusion that 
transcutaneous nerve stimulation is effective in re- 
ducing the narcotic requirements in postoperative 
thoracotomy patients. 


Is Methylmethacrylate Safer than Previously 
Thought? 

Gooding JM, Smith RA, and Weng J-T— 
Tulane Universitv, New Orleans, Louisiana 


In an attempt to isolate the effect of methyl-meth- 
acrylate (MMC) cement on cardiorespiratory param- 
eters, 17 patients were studied (ASA II-IV, age 58 + 
17 years). Informed consent and institutional approval 
was obtained for this study. 

METHODS: Radial and pulmonary artery cathe- 
ters were inserted percutaneously preoperatively. Pre- 
medication was with 1-2 ml Innovar. Induction con- 
sisted of 0.1 ml/kg Innovar, 0.1 mg/kg pancuronium, 
N2O/Os. Maintenance anesthesia was achieved with 
fentanyl, NeO/Ocs, and pancuronium. Parameters 
were obtained 5 minutes prior to, and again at both 
3 and 7 minute intervals following application of 
MMC to acetabulaz and femoral sites. 

RESULTS: No significant changes of any mea-. 
sured or calculated cardiorespiratory parameters oc- 





TABLE 1 
MMC at Acetabular Site 

Acetabulum Baseline : 3' after MMC 7' after MMC 
BP torr) 99 t 25 97 + 27 103 + 32 
HR (min~') B4 + 16 84 t 16 83 + 10 
PAP (torr) 17 :€6 17 x7 190-8 
PAO (torr) 9+4 945 10-5 
CVP (torr) 622 7+3 7+3 
CI (1 min^'. m^?) 3.05 + .93 259+ 75 2.57 + .96 
ove Cees om” 1484 +630 1720+776 — 1964 + 1094 
jd E 135 + 72 153 + 79 174 + 108 
ic (mi. di. 5.72 € 2.41 | 624 246 594+ 2.51 
VO» (ml min^!) 3C6 + 142 286 x 129 267 + 133 
Qsp/Qt 0.13 + ,07 .12 + 07 .12 + .07 
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No narcotics 


Frequency narcotic administration 


2nd-12 hrs. qi2h q6h q3-4 q2-3 

8 2 10 d 2 

O 0 5 9 B 
TABLE 2 
MMC at Femoral Site 

Femur Baseline 3! after MMC 7' after MMC 

BP (torr) 104 + 28 111 +33 107 + 33 
HR (min7') 88 + 13 87 +15 84 + 13 
PAP (torr) 186 18 +8 18+8 
PAO (torr) 10+4 9+5 10+ 5 
CVP (torr) T3 yk 74x38 
Cl (1-min^'. m^?) 2.51 + .91 2.41 + .71 2.69 + .9 
bi i 1984 + 1013 2064 +781 1835 +726 
cr E 104 + 52 167 + 74 152 + 60 
oio mis 5.99 +2.09 — 6.224 £ 2.36 — 6.29 & 1.79 
VO; (ml-min7') 259 + 121 261 + 124 284 + 96 
Qsp/Qt 0.10 + .05 0.10 + 0.06 0.09 + .06 


curred following the application of MMC to either 
the acetabular (Table 1) or femoral (Table 2) sites. 

DISCUSSION: Our data conflict with other re- 
ports dealing with MMC which have shown signifi- 
cant changes in SVR, PVR, BP, Qsp/Qt, and PaO;. 
The observed differences from previous studies may 
have been related to adverse effects of factors other 
than MMC (ie, embolic phenomena), and/or differ- 
ences in anesthetic techniques (ie, neuroleptanesthe- 
sia, spinal, epidural or inhalation agents). 
REFERENCES: 

1. Modig J and Malberg P: Pulmonary and circulatory reactions 
during total hip replacement surgery. Acta Anaesth Scand 19: 
219, 1975. 

2. Park WY, Balingit P, Kenmore Pl and Macnamara TE: Changes 


in arterial oxygen tension during total hip replacement. Anes- 
thesiology 39:642, 1973. 


Hemodynamic Changes with Enflurane, 
Halothane, and Nitroglycerin During Control 
of Intraoperative Hypertension in Patients with 
Coronary Artery Disease 

Gorski DW, Rao TLK, and El-Etr AA—Loyola 
University Stritch School of Medicine, 
Maywood, lllinois 


Intraoperative hypertension prior to cardiopulmo- 
nary bypass, may occur in patients with coronary 
artery disease when using a narcotic, oxygen, and 
muscle relaxant technique. Vasodilators or potent 
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TABLE 
Agents Used 





Hemocy- Enflurane Halothane N -troglycerin 

namic 

Indices Hypertensive Control Hypertensive Control Hypertensive Contro! 
HR 83 (+7) 70 (+5)* 75 (+5) 70.€(x4.5) 73 (£5) 74 (£3) 
MAP 110 (+43.6) 87.6 (x1.9)** 112.5 (+4.6) 87 (z2.9)** 102 (+4.5) 83 (x4.1)"" 
RAP 5.3 (+1 4) 4.3 (41-1) 7 (+1.4) 6.5(+1.3) 3.3 (+.9)* 

MPAP 15.8 (+1.8) 12.2 (t1.5)" 16.6 (42.4) 15.3(+ 1.9) 15.6 (1.5) 10 (+1.2)*3 
PCWP 9.5 (+1.9) 7.5 (1.8) 9.3 (+1.5) 8.7 (#12) 8.7 (1.5) 5.3 (+1)** 
Cl 3.0 (4.17) 2.6 (+.16)* 2.9 (4.27) 2.0: ( 1.21) 2.97 (4.26) 3.19 (5.28) 
SI 37 (3.3) 37.8 (x:2.3) 39.6 (4.3) 42.1 (+4.4) 40.7 (€ 3.5) 43 (+4) 

* P05. 

** P 01. 


inhalation anesthetics have been used to control hy- 
pertension. This study was undertaken to evaluate 
hemodynamic indices when halothane, enflurane or 
nitroglycerin was used to control intraoperative hy- 
pertension during coronary artery bypass surgery. 

Thirty patients undergoing coronary artery bypass 
surgery were studied. All patients were on propran- 
olol, 80 to 320 mgs/day in four divided doses. Anes- 
thesia was induced with fentanyl (50 ugm/kg), pan- 
curonium (.12 mg/kg) and oxygen. When mean ar- 
terial pressure increased by more than twenty-percent 
from preinduction values, patients were randomly 
treated with either halothane, enflurane or nitroglyc- 
erin until the blood pressure returned to control 
levels. Hemodynamic measurements made during the 
hypertensive state were compared to measurements 
made at control level. The Table summarizes this 
data. 

Enflurane decreased cardiac index significantly 
which may be attributed to the potentiation of beta 
blockade by enflurane. Enflurane produced a signifi- 
cant decrease in heart rate while no significant change 
was noted with halothane or nitroglycerin. Halothane 
did not produce any significant hemodynamic 
changes. Nitroglycerin significantly reduced the 
wedge and mean pulmonary artery pressures while 
the cardiac index remained unchanged. 

In conclusion, selection of a drug to control intra- 
operative hypertension should be based upon total 
hemodynamic profile which will allow the anesthe- 
siologist to select the appropriate drug for the indi- 
vidual situation. 


Labor and Delivery Anesthetics Decrease 
Maternal and Infant Neutrophil Chemotaxis 
Graham CW, and Zaccari J—University of 
California, Irvine, Irvine, California 


Chemotaxis or the movement of phagocytic cells 
along a chemical gradient toward foreign material for 


its engulfraent and destruction is an important part of 
the host d2fense system; natural or artificially induced 
defects in Zhemotaxis have been linked with increased 
infection in many diseases. Previous investigators 
have repcrted that general anesthetics diminish neu- 
trophil ch2motaxis while regional anesthesia has little 
effect in ronpregnant patients.’ The possible effect of 
anesthesiz on chemotaxis in pregnant women, how- 
ever, has aot been studied. Since the gravid woman 
is physiologically and immunologically altered, there 
is reason to believe neutrophil chemotaxis may re- 
spond very differently to anesthetics in these patients. 
In addition, it is possible that anesthetically mediated 
depressioa of neutrophil chemotaxis during labor and 
delivery might explain the observed high incidence of 
maternal nfection following delivery and/or place 
the infan- at high risk for infection in the early 
neonatal period. This study assessed the effects of 
commonlh used labor and delivery anesthetics on 
mother ard infant neutrophil chemotaxis. 

MATEFIALS AND METHODS: Neutrophils were 
isolated f-om whole blood obtained just prior to 
anesthesia from 20 healthy women having elective 
Cesarean section for uncomplicated term pregnancies. 
The cells were then exposed to lidocaine (107* —107° 
M), bupi-icaine (10 ^ —10~* Mj, chloroprocaine 
(107? —1C? M), halothane (1/2 MAC and 3 MAC), 
and epinephrine 1:100,000 for thirty minutes and 
analyzed tor chemotaxis using an agarose assay sys- 
tem emplcying Zymosan A as the chemotactic agent.” 
Cells recesving no anesthetic exposure served as con- 
trols. Immediately following delivery by epidural an- 
esthesia, eord blood was obtainec for isolation of 
infant nettrophils which were assessed for chemo- 
taxis in the same fashion. 

RESULTS AND CONCLUSIONS (Tables 1 and 
2): Materral neutrophils displayed significantly de- 
creased ckemotaxis when exposed to low levels of 
bupivicaire, chloroprocaine, and halothane, agents 
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TABLE 1 


Chemotaxis of Maternal Neutrophils Following Exposure to 
Local and General Anesthetics 


Anesthetic Exposure Chemotactic Index’ 





. None 7.23 x .44** 

Lidocaine HCI 

1.5 X 1075M 6.67 + .44 

1.5 x 107*M 6.44 + .49 

1.5 x 1074 with epi 1:100,000 7.24 + .76 

Epi 1:100,000 6.83 + .51 
Bupiviceine HCI 

107'?M 6.06 + —59 

107^M ; 5.68 + —52*** 
Chloroprocaine 

107!9M 5.95 + —38T1 

10^3M 5.1 € —50t1 
Halothane 

1? MAC 5.88 + —37*** 

3 MAC 5.6 + —3611 


* Directed neutrophil movement minus random migration. 
* * Mean + SEM. 
*** 5 « .05 compared to control. 

tip«.Ot. 


TABLE 2 


Chemotaxis of Cord Neutrophils Following in Vitro Exposure 
to Locali and General Anesthetics 


Anesthetic Exposure Chemotactic Index’ 


Control 5.32 + —37** 
Lidocaine HCI l 
1.5 x 1075M 5.4 + 99.54 
1.5 x 107*M 5.16 + .48 
1.5 x 10^*M with epi 1:100,000 4.88 + .37 
Epinephrine 1:100,000 6.55 + .47”** 
Bupivicaine HCI 
107'=M . 5.39 + .52 
1074M 5.27 + .51 
Chloroprocaine 
107'CM 5.33 + .58 
107°M 5.06 + .41°** 
Halothane 
Ye MAC 4.9 + .7 
3 MAC 4.89 + .52 


* Directed neutrophil movement minus random migration. 
** Mean + SEM. 

***p«.05 compared to control. 

TT p«.0Ot1. 


frequently employed during labor and delivery. Infant 
neutrephil chemotaxis appeared more resistant to 
anesthetic effects although they, too, manifested de- 
creased chemotaxis in the presence of 10 ? chloropro- 
caine. These results represent initial studies on the 
effects of anesthesia on the chemotactic abilities of 
delivering mother and infant neutrophils. They sug- 
gest a mechanism possibly explaining the high inci- 
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dence of »ost delivery infection among parturients 
and furthermore imply special consideration in the 
choice and management of anesthesia in the mother- 
to-be at high risk for infection. The length of time 
chemotaxis is depressed and the neutrophil killing 
ability during the observed anesthetic effect remain 
to be ascertained. 

REFERENCES: 

1, Stanley TH, et al: The influence of spinal and epidural anes- 
thesia on neutrophil chemotaxis in man. Anesth Analg 57:567- 
571, 1978. 

2. Nelson RD, et al: Chemotaxis under agarose: À new and simple 
method tor measuring chemotaxis and spontaneous migration 


of human polymorphonuclear neutrophils and monocytes. J 
Immuno. 115:1650-1656, 1975. 


Fentanyl Alters Somatosensory Cortical Evoked 
Potentials 
Grundy BL—-University of Pittsburgh, Pitts- 
burgh, Pennsylvania; Brown RH, and Berilla 
JA—Case Western Reserve University, Cleve- 
land, Ohio 


Somatosensory cortical evoked potentials (SCEPs) 
are used to monitor spinal cord function during op- 
erations on the spine.’ SCEP alterations produced by 
drugs must be defined so they can be distinguished 
from SCEP changes due to surgical manipulation. 

METHOD: Seven men and four women 18 to 52 
years old, all ASA 1, consented to intravenous pre- 
medication and SCEP monitoring before elective op- 
erations. Baseline SCEPs were recorded after IV ad- 
ministration of Ds W 2 ml/kg, using the method 
previously described.” Incremental doses of fentanyl 
(0.3, 0.6 and 2.1 mcg/kg) were then given IV at 5 
minute intervals. SCEPs to median nerve stimulation 
on the dominant side were recorded following each 
dose and for 25 minutes thereafter. 

RESULTS: Four patients fell asleep; nausea devel- 
oped in one. Blood pressure and heart rate varied 
within acceptable limits. Respirations were slowed, 
rates falling briefly by 20 to 47 percent (lowest rate 
8/min). | 

Fentanyl altered SCEPs in every case but changes 
were less consistent than those previously observed 
with diazepam.” Earlier waves were less affected than 
late ones, latencies less than amplitudes. Late waves 
(latency 200 to 400 msec) were abolished in 8 cases. 
Amplitudes of the primary specific complex (latency 
20 to 120 msec) increased in 7 cases, decreased in 2 
and showed no change in 2. Fentanyl accentuated 
negative waves at ~ 35 msec (N35) and ~ 65 msec 
(N65) in 7 and 9 patients respectively; at least one of 
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these waves was accentuated in every case. P30 to P90 
interpeak latency increased in 7 patients, decreased in 
1. Height of P90 relative to P30 fell in 10 cases. 
CONCLUSIONS: (1) Fentanyl 3mcg/kg alters in- 
termediate latency SCEPs, usually enhancing them 
but sometimes diminishing them. (2) Fentanyl is an 
acceptable agent for use during SCEP monitoring, but 
even small doses should be avoided immediately prior 
to anc during surgical manipulations that could affect 
spinal cord function. 
This work was supported by Grant GM26264-01, 
NIGMS. 
REFERENCES: 
1. Nash CL, Lorig RA, Schatzinger LA, et al: Spinal cord moni- 
toring during operative treatment of the spine. Clin Orthop Rel 
Res 126:100-105, 1977. 


2 Grundy BL, Brown RH, Greenberg P: Diazepam Alters Cortical 
Evcked Potentials. Anesthesiology 51:538, 1979. 


Effects of 10% Nitrous Oxide on Monitoring 
Performance and the Electroencephalogram 
Grundy BL—University of Pittsburgh, Pitts- 
burgh, Pennsylvania; Wexler DB, Spagnuolo 
S, and Dybbs A— Case Western Reserve Uni- 
versity, Cleveland, Ohio 


We examined effects of 10% nitrous oxide on ECG 
monitoring performance and EEG in ten anesthetists. 
During two one-hour sessions on each of two study 
days, subjects sat alone in a laboratory operating 
room breathing either medical compressed air or air 
plus 10% nitrous oxide. They monitored a simulated 
ECG with randomly interspersed PVB's, pressing a 
switch for each PVB detected. We recorded EEG (01- 
P3, 02-P4, 01-CZ, CZ-FZ), EMG, EOG, displayed ECG 
and responses on strip chart. A 100Hz clock, dis- 
played ECG, responses and EEG (01-P3) were tape 
recorded for computer analysis. 

Ten percent nitrous oxide impaired ECG monitor- 
ing performance. The test group as a whole missed 
7% of PVB’s during exposure to air and 19% while 
breathing NeO (p < .001). The effect of N;O varied 
among subjects but was consistent for individual sub- 
jects on both study days. Eight subjects performed 
less well with NeO (23% error vs. 7% error, p < .001), 
one missed less than 1% of PVB’s under both condi- 
tions, and one performed better with N20. 

We examined response time and EEG power spec- 
tra associated with each displayed PVB. The relation- 
ships between EEG, inspired gas, and vigilance are 
complex. For detected PBV’s distribution of dominant 
EEG power bands was similar for both gas conditions. 
For missed PVB's, the theta power band was dominant 


more of-en with N20 than with air only (p < .001). 
More PB's were missed when the dominant EEG 
power was in the theta band (p « .001). Further data 
analysis is underway. | 

CONCLUSIONS: (1) 1096 nitrous oxide impairs 
perform..nce in ECG monitoring. Individual variation 
in drug 2ffects suggests that the dose-response rela- 
tionship involved may be bimodal or biphasic. (2) 
Impairec monitoring performance during exposure to 
10% nitrous oxide is more likely when left parieto- 
occipital EEG power is predominantly in the theta 
range. 

This work was supported in part by the Research 
Award g. ven to the American Society of Anesthesiol- 
ogists by the International Anesthesia Research 5oci- 
ety at the latter's 50th Congress in 1976. 


Cross Tolerance Between Alcohol and 
Cyclopsopane in Rats 

Harper MH, Johnson BH, Eger El Il, Winter 
PM, and Koblin DD—University of California, 
San Frencisco, San Francisco, California 


Clinic.l experience and animal investigations indi- 
cate that chronic alcohol consumption increases an- 
esthetic sequirement (cross-tolerance). Ingestion of 5- 
10% ethznol for 10 to 20 days significantly elevates 
both the isoflurane EDso in mice and halothane MAC 
in cats.'^ However, these prior studies have not ex- 
amined fe complete time course of the development 
of cross -olerance nor have they studied the complete 
time couzse of decay of cross tolerance after various 
periods cf alcohol ingestion. The present report sup- 
plies thi: information. Unlike previous results, we 
have found a biphasic tolerance change in response 
to alcohcl treatment. 

Eighty four male Long-Evans rats ingested 9.5- 
10.5% aleohol in Nutrament® for 5, 10, 20 or 60 days 
(19 to 22 rats per group). A control group (23 rats) 
received only Nutrament (9, MAC values were deter- 
mined b2fore alcohol treatment and 1, 3, 10 and 17 
days after discontinuing alcohol. 

Cross olerance (i.e., increased cyclopropane MAC 
at 1 andor 3 days after discontinuance of alcohol) 
developed in all alcohol treated groups. We found a 
biphasic response (Figure). When tested 1 day post 
alcohol, -ats that ingested alcohol for 5 and 60 days 
had higher MACs than the 10 and 20 day groups. 
MAC determinations made 3 days post alcohol 
showed zn increase after 5 days of alcohol treatment 
progressing to a maximum value after 10 days of 
alcohol. “he 20 and 60 day groups exhibited a return 
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FIGURE. Response to alcohol. 


toward control. In contrast to previous work we found 
that cross tolerance dissipated rapidly. MAC returned 
to pre-alcohol treatment levels by 10 days post treat- 
ment in all groups. 

If these results apply to patients, we expect that in 
addition to chronic alcoholics, patients who consume 
large quantities of alcohol over a short period of time 
(the so called "binge-drinker"), will have increased 
anesthetic requirements for several days following the 
drinking episode. 

REFERENCES: 

1. Johnstone KE, Kulp RA, Smith TC: Effects of acute and chronic 
ethanol administration on isoflurane requirements in mice. 
Anesth. Analg. 54:277-281, 1975. 

2. Orkin LR, Chen Chein-Hsu: Effect of alcohol on the MAC with 


halothane in the cat. pp 735-736, American Society of Anes- 
thesiologists, Abstracts of Annual Meeting, October 1977. 


Pulmonary and Systemic Vascular Response to 
Nitrous Oxide Inhalation in Patients with 
Mitral Stenosis and Pulmonary Hypertension 
Hilgenberg JC, Stoelting RK, and McCammon 
RL—Indiana University, Indianapolis, Indiana 


Nitrous oxide inhalation following intravenous 
morphine (1mg/kg) increases systemic and pulmo- 
nary vascular resistance in patients with coronary 
artery disease and normal pulmonary vascular resist- 
ance.’ Based on these observations concern regarding 
the safety of nitrous oxide administration to patients 
with pulmonary hypertension has been expressed.! 
Nevertheless, insufficient data exist to reliably predict 
the typical circulatory responses occurring when ni- 
trous oxide is administered to patients with pre-exist- 
ing pulmonary hypertension. 

In this study 11 patients (49 + 2 years, 67 + 4 kg, 
mean + SE) with mitral stenosis and pre-existing 
pulmonary hypertension (mean pulmonary artery 
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pressure 36 + 3 torr) were studied before induction 
of general anesthesia for elective mitral valve replace- 
ment. Pre-anesthetic medication was with morphine 
(6-10 mg) and scopolamine (.4-.6 mg) intramuscularly 
60-90 minutes before induction of anesthesia. After 
placement of a radial artery and thermodilution pul- 
monary artery catheter, systemic and pulmonary he- 
modynamic measurements while breathing 50 per 
cent oxygen by mask were obtained. All measure- 
ments were repeated 10 minutes later while breathing 
50 per cent nitrous oxide. 

Data are summarized in the Table (mean + SE, *p 
< .05). Compared with control measurements the 
only significant change during nitrous oxide inhala- 
tion was a small increase in calculated pulmonary 
vascular resistance (p < .05). Pulmonary artery dia- 
stolic pressure increased 4 torr during nitrous oxide 
administration (.1 > p > .05) but pulmonary artery 
occluded pressure did not change. This is consistent 
with the increase in pulmonary vascular resistance 
and suggests that pulmonary artery diastolic pressure 
may not reliably reflect left heart filling pressures 
during nitrous oxide induced pulmonary vasocon- 
striction. 

The magnitude of increase in pulmonary vascular 
resistance observed in our patients with pre-existing 
pulmonary hypertension and receiving only nitrous 
oxide was similar to that observed in an earlier study’ 
when nitrous oxide was inhaled by patients without 
a history of pulmonary hypertension during surgical 
stimulation and following large doses of morphine. 
We speculate that the clinical significance of the 
nitrous oxide induced pulmonary vasoconstriction 
observed in our patients was minimal. Indeed, an 
index of right ventricular myocardial oxygen con- 


TABLE 
Control Nitrous oxide 
Heart rate (beats/min) 86+ 5 83 +6 
Cardiac index (1 /min/m*) 2.7+0.2 2.5 + 0.2 
Systemic arterial pressures (torr) 
Systolic i 130 +6 127 +6 
Diastolic 7442 76+3 
Mean 92 +3 93 + 4 
Pulmonary arterial pressures (torr) 
^ Systolic 52 +5 §2+5 
Diastolic 2743 314-4 
Mean 36 +3 38-5 
Occluded 27 + 26 +3 
Mean right atrial pressure (torr) ti +2 1624 
Systemic vascular resistance (dynes- 1451 + 115 1551 + 124 
sec-cm~5) 
Pulmonary vascular resistance 159 + 18 213 + 27° 
(dynes-sec-cm 5) 
PaO; (torr) 176 x 18 
PaCO; 39 + 1 


ABSTRACTS 


sumption (heart rate times systolic pulmonary artery 
pressure) did not change. 

Although nitrous oxide results in a small increase 
in pulmonary vascular resistance, we conclude that 
the effect of nitrous oxide on pulmonary vascular 
hemodynamics is not sufficient to recommend avoid- 
ing this drug in patients with moderate pulmonary 
hypertension. 

REFERENCE: 
1. Lappas DG, Buckley MJ, Laver MB et al: Left ventricular 
performance and pulmonary circulation following addition of 


nitrous oxide to morphine during coronary artery surgery. 
Anesthesiology 43:61-69, 1975. 


Prevention of Nitroprusside Toxicity with 
Thiosulfate 

Ivankovich AD, Braverman BD, Klowden AJ, 
and Heyman HJ—lIllinois Masonic Medical 
Center, Chicago, Illinois 


Thiosulfate provides adequate protection against a 
continuous infusion of what is otherwise a lethal dose 
of cyanide but thiosulfate must be infused to maintain 
high plasma concentrations to be effective. Some 


studies have suggested that thiosulfate may be an 


effective adjuvant to the use of sodium nitroprusside 
(SNP) but more information is needed to show that 
thiosulfate will not only protect against toxicity due 
to SNP metabolism, but that high plasma concentra- 
tions of thiosulfate are not deleterious nor will it 
interfere with the hemodynamic effects of SNP. For 
these purposes, dogs were anesthetized with pento- 
barbital and were divided into two groups, a control 
group (N = 5) that received saline, and a thiosulfate- 
treated group (N = 5) that received a bolus injection 
of thiosulfate, 30 mg/kg, followed by an infusion at 
a rate of 30 mg/kg/hr. Both groups then received an 
infusion of SNP that lowered mean blood pressure 
(MBP) to 60 mmHg and this pressure was maintained 
over the next five hours. Measurements were taken 
every 30 min. 

The control group required 6.74 + .56 mg/kg of 
SNP to maintain MBP at 60 mmHg for five hours. 
Endogenous plasma thiosulfate levels decreased from 
1.45 + .51 mg/dl to 0.96 + .17 mg/dl during the SNP 
infusion while whole-blood cyanide levels increased 
to 478 + 104 ug/dl, gracilis muscle tissue cyanide 
concentrations were 113 + 36 ug/100 g, and plasma 
thiocyanate levels were less than 1 mg/dl. In contrast, 
the thiosulfate-treated group required 8.91 + .84 mg/ 
kg of SNP to maintain hypotension. Plasma thiosul- 
fate levels increased from 1.01 + .14 mg/dl to 17.42 


+ 1.01 m2/dl during the infusion while whole-blood 
cyanide increased to only 38 + 7 ug/dl, tissue cyanide 
concentrztions were 51.5 + 15.1 ug/100 g, and plasma 
thiocyanete levels were still less than 1 mg/dl. In spite 
of continaed bicarbonate administration, arterial and 
venous p-d values decreased in the control group to 
7.16 + .03 and 7.06 + .02, respectively, while in the 
treated group, pH values decreased to 7.23 + .04 and 
7.22 + .03, respectively. 

Cardiac output initially increased with SNP but it 
gradually returned to control levels during the five- 
hour infusion in both groups. No significant differ- 
ences we»e observed in left or right atrial pressures or 
pulmonary artery pressures in either group in re- 
sponse tc SNP. 

In surumary, thiosulfate administration during 
SNP-indtced hypotension increased the SNP dose 
required >y 25 percent but whole-blood and tissue 
cyanide concentrations were significantly reduced 
from potentially lethal levels to levels that were 
slightly h.gher than normal; acidosis was reduced as 
well. The high plasma concentrations of thiosulfate 
did not interfere with the cardiovascular effects of 
SNP nor did it produce any deleterious effects of its 
own. Thezefore, thiosulfate appears to be an effective 
adjuvant zo SNP-induced hypotension of long dura- 
tion as a 2reventive against cyanide toxicity. 


Pulmonery Lesions After Antacid and 
Cimetidime Aspiration 

Kumar N, Pandit SK, and Detmer MD— 
Universi-y of Michigan, Ann Arbor, Michigan 


Cimeticine, a histamine He receptor antagonist has 
been shown to be an effective agent to reduce gastric 
acidity beore induction of anesthesia." It has several 
advantages over the usual antacids viz, less bulky, 
more paletable, longer acting and more consistent in - 
its action. It has been shown that aspiration of some 
antacids themselves with or without gastric juice may 
produce severe pulmonary lesions? The purpose of 
this study was to find if aspiration of cimetidine alone 
or gastric juice from patients treated with cimetidine 
in the lunz would produce similar lesions. 

METHODS: The study was carried out in 51 
healthy S2rague-Dawley rats (mean weight 212 + 21 
gm). Eachcrat was anesthetized with ketamine (10 mg/ 
100 gm) IM. When asleep 0.25 ml of a test solution 
(treatmen ) was instilled in its trachea under direct 
vision. Tre animals were returned to their cages, fed 
normally and sacrificed 48 hours later by a guillotine. 
The lung: and trachea were removed immediately 
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and fixed in formalin. The treatments used were: 
normal saline (n = 5), gastric juice (G.J.) from patients 
(n = 5), GJ. from patients who had received Maalox 
(Rorer Co.) 30 ml P.O. one hour earlier (n = 5), G.J. 
from patients who had received cimetidine 300 mg 
P.O. 2 hours earlier (n = 6) and cimetidine in saline 
in different concentrations viz. 300 mg (one tablet) in 
40 ml (n = 10), in 20 ml (n = 10), and in 10 ml (n = 
10). One animal who received pure gastric juice, (pH 
1.53) died soon afterwards and was excluded from the 
analysis. The lungs were examined grossly. Hematox- 
ylin-eosin stained sections of trachea and all the lobes 
of lungs were examined by a pathologist (N.K.), who 
was unaware of the nature of the treatment. 

RESULTS: The pathological changes observed were 
graded from Grade I-III as follows: Grade I-gross: no 
consolidation, microscopic: only mild emphysema 
and atelectasis, occasional widely scattered small ag- 
gregates of inflammatory cells: Grade II-gross; no 
consolidation, microscopic: definite small zones of 
inflammation consisting of fibrin, blood, neutrophils, 
and occasional macrophages and eosinophils. Grade 
Ill-gross: areas of consolidation, microscopic: bron- 
cho-pneumonia varying from focal zones to large 
confluent areas and occasional severe bronchiolitis 
associated with bronchiolar necrosis. Non-parametric 
distribution analysis between the groups was per- 
formed, by ranking the pathological changes: Grade 
I = 1, Grade If = 2 and Grade III = 3 and using 
unpaired "t" test. The distribution of the changes was 
significantly different between saline and pure gastric 
juice (p < 0.01), saline and Maalox treated G.J. (p < 
0.01), Maalox treated G.J. and cimetidine treated G.J. 
(p < 0.05) but there was no difference between saline 
and cimetidine treated G.J. or saline and cimetidine 
in saline (300 mg in 40 ml). However, more concen- 
trated cimetidine solutions (300 mg in 10 ml and in 
20 ml) had significantly different changes from saline 
(p < 0.05 and < 0.02 respectively). Except in the pure 
gastric juice group, changes could not be correlated 
- with the low pH of the treatment. 

CONCLUSION: This study confirms that aspira- 
tion of antacid (Maalox) treated gastric juice may 
produce significan: pulmonary lesions in rats irre- 
spective of the pH of the solution. However, aspirated 
G.J. from patients treated with cimetidine or cimeti- 
dine solution in saline, unless used in very high 
concentrations seems to have minimum effects. 


REFERENCES: 
1. Stoelting RK: Gastric pH in patients receiving cimetidine. 
Anesth. Analg. 57:675-677, 1978. 
2. Husemeyer RP, Davenport HT, Rajasekharan T: Cimetidine as 
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drome, Anaesthesia 33:775-778, 1978. 

3. Kuchling A, Joyce TH, Cook 5: The pulmonary lesion of 
antacid therapy. Abstracts of the Scientific papers, 1975, An- 
nual Meeting ASA, pp 281-282. 


The Effect of Nitrous Oxide on Pulmonary 
Vascular Resistance in Children 
Landry LD, Emerson CW, Philbin DM, Palacios 
|, Goldblatt A, and Block P—Harvard Medical 
School, Boston, Massachusetts 


Nitrous oxide has been reported to produce an 
increase in pulmonary vascular resistance (PVR)! in 
adult patients receiving a morphine-oxygen anes- 
thetic. This study was undertaken to determine its 
effect on the pulmonary circulation in children sus- 
pected of having congenital heart disease. 

METHODS: Seven children (1 to 12 years) were 
studied during cardiac catheterization. Six had a clin- 
ical diagnosis of ventricular septal defect (VSD) and 
one a patent ductus arteriosus (PDA). All were anes- 
thetized with N5O, oxygen, halothane by mask. En- 
dotracheal intubation was facilitated by the use of IV 
succinylcholine via a 20 gauge cannula inserted fol- 
lowing induction. 

Following return of spontaneous ventilation on a 
mixture of 25% Os, 75% NeO, 0.5% halothane, right 
heart catheterization was performed and O» satura- 
tions and pulmonary artery pressures recorded. The 
N20 was discontinued in six of the patients and PA 
pressures followed; in one patient 75% nitrogen re- 
placed the N20. 

RESULTS: The PA decreased in all patients from a 
mean of 38 X: 5 mmHg to 25 + 3 mmHg (p < 0.001) 
in the absence of N3O. Systolic arterial pressure was 
unchanged (92 + 3 to 91 + 3 mmHg). In four of the 
patients with sufficient data for calculations the pul- 
monary blood flow index (PFI) rose from 8.1 + 1 to 
26.3 + 7 L/min/m? (p < 0.05) and systemic blood 
flow index (CI) rose from 6.5 to 0.9 to 15.9 + 4 L/ 
min/m? (p < 0.01). The PVR decreased from 338 + 
117 to 78 + 25 dynes. sec cm? (p < 0.05). 

One patient was found to have a VSD, a patent 
foramen ovale and infundibular stenosis. With N3O, 
a bidirectional shunt was noted (3.1 L/min/m^* -L to 
R and 1.2 L/min/m? R to L) but without NeO it 
converted to a pure L to R shunt (11.6 L/min/m?). 

DISCUSSION: These data demonstrate that nitrous 
oxide produces a striking increase in pulmonary vas- 
cular resistance in children with increased pulmonary 
blood flow. It does not appear that the change in 
inspired oxygen content is responsible since substi- 
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tution of nitrogen for nitrous oxide produces the same 
decrease. This agrees with the work of Cournand, et 
al? who demonstrated that in healthy adults a fall in 
O; saturation below 85% was necessary for any in- 
crease in PA pressure. It would also suggest that 
changes in the depth of anesthesia was not a factor. 

Nitrous oxide has been reported to increase sym- 
pathetic activity and produce elevated norepinephrine 
levels. This could explain the pulmonary artery effects 
in these patients with increased sympathetic activity 
resulting in increased tone in the pulmonary vascular 
bed. 

We conclude that nitrous oxide can significantly 
increase PVR in children with increased pulmonary 
blood flow. This may produce a significant increase 
in right ventricular work and in some congenital 
cardiac defects produce a R to L shunt. It should thus 
be used with caution in thèse circumstances. 
REFERENCES: 

1. Lappas DG, et al: Left ventricular ET and pulmonary 
circulation following addition of nitrous oxide to morphine 
curing coronary artery surgery. Anesthesiology 43:61-69, 1975. 


2. Cournand A, et al: Effects of acute hypoxia and exercise on the 
pulmonary circulation. Circulation 22:204-215, 1960. 


Pre-determination of Dose Requirement of 
Pancuronium and Quantitative Assessment of 
Minimal and Maximal Neuromuscular Block 
in the Clinical Setting 

Lee C, and Yang E—University of California, 
Los Angeles, Los Angeles, California 


In order to pre-determine the patients' sensitivity 
before giving a large dose of pancuronium, we used 
1 mg of pancuronium as a test dose and examined 
two minutes later the patients' ability to open their 
eyes. The width of the eye opening was scored 1 to 6 
according to a scale defined by the boundaries of the 
iris and the pupil. Seventy-one observations were 
made on 48 consenting patients. Each patient received 
either s mg, or (s + 1) mg, or (s + 2) mg of pancuron- 
ium, s being the patients' eye score. The final neuro- 
muscular block (which often exceeded 100% block of 
the thumb twitch) was quantified by another score 
developed to quantify profound block beyond the 
limit of- 100% depression of the twitch (Appendix I). 
The ulnar nerve was stimulated with a square electric 
pulse of supramaximal voltage. Anesthesia was in- 
duced with thiopental (4-5 mg/kg) and N20 (50%) 
and ventilation was controlled manually. 

After 1 mg of pancuronium, the eye score decreased 
to 4.0 € 0.2 (mean + SEM), from the control values 
of 5.7 + 0.1, (p < 0.01). As the large “intubation dose” 


had been pre-adjusted to sensitivity, the final effect 
was rather uniform among patients, thus after s mg of 
pancuronium, N = 27, the final block averaged 2.2 
+ 0.3; after (s + 1) mg, N = 35, it averaged 3.4 + 0.2; 
and after (s + 2) mg, N = 9, it averaged 4.8 + 0.6 on 
the "Maximal block" score (Appendix I). These three 
sets of dose-effect values were linearly related. The s 
mg group had an over 5096 chance of having a final 
score of 1; the (s + 1) mg group, 3, 4, or 5; the (s + 2) 
mg group, 6 

Thus, it may be possible to pre-determine to the 
milligram the patient's dose requirement of pancu- 
ronium for a subtotal block (scores 1, 2), a total block 
for less than 30 minutes (scores 3, 4, 5), or a total 
block of more than 30 minutes duration (score 6), 
with individual variability in sensitivity adjusted ac- 
cording to the response to the test dose. 

Appendix I. À score system for quantification of 
profound neuromuscular block: (1) Twitch obviously 
depressed, but responses to 1 Hz, 0.1 Hz, 50 Hz and 
post-tetanic stimuli remained visible. (2) Responses to 
1 Hz stimuli eliminated, but other responses remained 
visible. (3) Responses to 1 Hz and 0.1 Hz stimuli 
eliminated, but tetanic and post-tetanic responses re- 
mained visible. (4) Only post-tetanic twitch remained 
elicitable. (5) No evidence of neuromuscular trans- 
mission elicitable but first sign of recovery occurred 
within 30 minutes. (6) No evidence of any neuromus- 
cular recovery in 30 minutes. (N.B.: Conventionally 
defined 10096 block of the twitch corresponds to a 
score of 3.) 


Increased d-Tubocurarine-Plasma Binding and 
Clinical Hyposensitivity Following Burns 
Trauma 

Leibel WS, Martyn JAJ, and Miller KW —Har- 
vard Medical School, Boston, Massachusetts 


Hyposensitivity to the non-depolarizing muscle re- 
laxant d-tubocurarine has been reported in the clinical 
treatment of burns trauma (Martyn et al, 1979). In 
these patients, total plasma dTC levels necessary to 
attain a given twitch depression approach five times 
that of normal patients, yet normal doses of atropine 
and neostigmine were sufficient to reverse curariza- 
tion (implying normal synaptic concentrations) de- 
spite serum concentrations of the drug sufficient to 
induce 10096 twitch depression in normal controls 
(Martyn et al, 1979). It is clezr that dTC successfully 
enters and is maintained in the circulation of burned 
patients. It is not clear what fraction of this abnor- 
mally high plasma d TC concentration is available for 
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free transcapillary diffusion to the neuromuscular 
junction. 

Equilibrium dialysis of plasma drawn from burned 
patients at various times post-burn and from normal 
controls with tritiated dTC at several clinical concen- 
trations has allowed partial resolution of this point. 
In vitro, burned plasma bound an average 68% (11 
patients) of the available dTC at 5 X 107! M as 
compared to 48% for control plasma (6 cases). Ex- 
pressed as moles dTC bound per gram plasma protein 
(no burn-related change in total protein was noted) 
burned plasma (1.52 X 10 5 moles/gm. protein) 
bound approximately twice the amount of available 
dTC as normal plasma (0.65 X 107° moles/gm. pro- 
tein). This difference in binding capacity was seen to 
develop one to two weeks post-burn and to persist 
for up to ten weeks correlating well with clinical 
observation of dTC hyposensensitivity. Electropho- 
retic examination of burned plasma demonstrated 
parallel relative and absolute increases of all non- 
albumin fractions (gamma globulins in particular) at 
the expense of albumin, but challenge of separated 
gamma globulin with H?-dTC failed to demonstrate 
the relevance of this protein fraction to increased dTC 
binding. The observed increases in plasma binding 
reported here can account only in part for the ob- 
served dTC hyposensitivity of burned patients given 
Martyn's (et al, 1979) quantitative clinical data. There- 
fore, other possible burn-mediated lesions in drug 
distribution and/or metabolism are currently under 
investigation. 

REFERENCE: 
1. Martyn JAJ, Szyfelbein SK, Matteo RS, Ali HH, Savarese JJ, 


1979. Increased d-tubocurarine requirement following major 
thermal injury. Anesthesiology, in press. 


Ventricular Dysfunction Following Myocardial 
Revascularization 

Mangano DT-—University of California, San 
Francisco, San Francisco, California 


To determine which patients are likely to develop 
ventricular dysfunction following myocardial revas- 
cularization, 18 patients with preoperative ejection 
fractions (EF) between .26 and .81 were studied during 
the initial 24 hours following revascularization. Left 
(L) and right (R) ventricular function curves (VFC), 
stroke work/filling pressure (SW/FP), and stroke 
work/doubie product (SW/DP) were determined fol- 
lowing pericardiotomy (CONTROL), at 15 minutes 
and 1 hour following bypass, and at 1, 4, 8, 18 and 24 
hours following surgery. Nine patients (Group I) with 
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EF > .55 had depression of VFC following bypass 
with decreased SW/FP (L:83%, R:73%) and decreased 
SW/DP (L:75%, R:68%) for L, R ventricles compared 
with CONTROL. Recovery to 90% of CONTROL 
occurred over 1 to 4 hours. Nine patients (Group II) 
with EF « .45 had a significantly (p « .05) greater 
depression of VFC, SW/FP (L:43%, R:55%), and SW/ 
DP (L:56%, R:51%), and only partially (70%) recovered 
ventricular function after 24 hours. Significant ven- 
tricular depression occurs in all patients following 
bypass; however, patients with preoperative EF.« .45 
are at high risk of developing prolonged (at least 24 
hours) ventricular dysfunction following revasculari- 
zation. 


Succinylcholine-Intracranial Pressure Effects in 
Neurosurgical Patients 

Marsh ML, Dunlop BJ, Shapiro HM, Gagnon 
RL, and Rockoff MA—University of California, 
oan Diego, LaJolla, California 


Traditional practice cautions against the use of 
succinylcholine in patients with suspected intracranial 
hypertension’. It has been our clinical impression . 
that succinylcholine does not greatly alter intracranial 
pressure (ICP) when used along with modern neuro- 
anesthesia techniques with ICP monitoring. The pres- 
ent study explores this contradiction. 

METHODS: Eight consecutive patients (ages 34- 
66) who had consented to an unrelated therapeutic 
trial were studied. Each had a large intracranial tumor 
which required ventriculostomy for ICP monitoring 
prior to induction of anesthesia. Following a 75 min- 
ute stabilization period and 3 minutes of pre-oxygen- 
ation, anesthesia was induced with thiopental 4 mg/ 
kg intravenously. Assisted ventilation was continued 
for one minute, then succinylcholine 1 mg/kg was 
given intravenously. Mean intra-arterial pressure 
(MAP), central venous pressure (CVP), and ICP were 
recorded continuously. 

RESULTS: ICP values before and after thiopental 
induction are shown in the Table. Succinylcholine 
infusion resulted in fasciculations in 5 of 8 patients 
and a rise in MAP and CVP in 6 patients. The ICP 
increase of 5.2 + 1.9 torr was statistically significant 
(p 0.05), and paralleled a significant rise in CVP of 6.6 
+ 2.4 torr (correlation coefficient r = 0.8). Changes in 
ICP were not uniformly related to changes in blood 
pressure (r = 0.08). Finally, the ICP response was 
greater in those patients who did not fasciculate. 

DISCUSSION: A neuroanesthesia induction se- 
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TABLE 


Intracranial and Systemic Pressure Response to Succinylcholine* 


Patient # initial ICP 2°ICP 2°MAP 2°CVP 

1 12 8 75 NA 

2 24 23 100 5 

3 12 6 90 1 

4 14 10 110 o 

5 14 8 95 6 

6 27 12 105 27 

7 6 2 100 O 

8 20 12 110 8 
Mean 16.4 10.1 98.1 7.4 
SEM 2.6 2.2 4.1 3.4 


2°PaCO: AICP AMPA ACVP Beis 

36 +2 -5 NA + 
ot T4 =20 +5 + 
40 +3 +25 +3 + 
36 +6 +55 +3 + 
24 +2 +60 +2 + 
32 +2 +70 NA o 
NA +5 +20 +10 e 
40 +18 +60 4-17 o 
35.0 5.2 33.1 6.5 

2.1 1.9 11.8 2.4 





* Summary of individual responses of eight patients with intracranial mass lesions to administration of succinylcholine. All values 
are expressed as mm Hg. Initial {CP refers to prestabilization recording and 2° values describe the post-thiopental values. A values 
represent pressure changes following succinylcholine infusion. The occurrence of fasciculations are noted as +. 


quence utilizing succinylcholine (omitting pre-cura- 
rization) was found to cause only a modest rise in ICP 
in all but one patient. The effects of positive pressure 
ventilation on CVP (and therefore ICP) cannot be 
excluded as an explanation for this ICP increase. In 
the acute neurologic patient who requires rapid air- 
way control, intubation can be facilitated by a thio- 
pental-succinylcholine sequence with little expecta- 
tion of a large intracranial pressure increase. 
REFERENCES: 

1. Halldin M, Wahlin A: Effects of succinylcholine in the intra- 

spinal fluid pressure. Ácta Anaesth Scand 3:155-161, 1959. 


2. Hunter AP: Pharmacology Il: Non-volatile agents. Neurosurg- 
ical Anaesthesia Alden Press, Great Britain, 1975, pp. 77-109. 


Detection and Differentiation of Metabolic 
Acidosis in Parturients 

Marx GF, Desai PK, and Habib NS—Albert 
Einstein College of Medicine, Bronx, New York 


Both lactic and ketoacidosis are known to develop 
during strenuous or prolonged labor, but the fre- 
quency of their occurrence appears to have been 
underestimated. Treatment of maternal metabolic 
acidosis is beneficial for both gravida and fetus; since 
therapy of the two types differs, accurate diagnosis is 
essential. 

We determined arterial blood gases for clinical 
indications (physical exhaustion, ketotic breath, per- 
sistent fetal scalp blood acidosis despite improving 
fetal heart rate pattern) in 30 non-diabetic women in 
active labor and repeated the measurements if war- 
ranted. Clinically significant metabolic acidosis (base 
deficit > 6 mEq/L) was noted in 13 women, seven of 
whom (54%) had undergone previous cesarean sec- 
tion. Dextrostix blood glucose determinations re- 


vealed levels below 90 mg% in four of the acidotic 
parturients despite intravenous infusion of lactated 
Ringer's solution with 596 dextrose. Of the 17 women 
without acidosis, only five (29%) had had a previous 
cesarean section. 

In the parturients with lactacidosis, institution of 
lumbar extradural block—relieving pain and decreas- 
ing physical activity and catecholamine release--was 
successful in reducing the rate of rise in base deficit. 
In the predominantly ketoacidotic women, the com- 
bination of increased glucose infusion with extradural 
analgesia caused the acid-base status to revert to 
normal. 

We conclude that acid-base and Dextrostix glucose 
determinations aid in the management of selected 
parturients, providing a ready means of distinguishing 
between keto- and lactacidosis. 


Hemodynamic Effects of Diazepam and 
Diazepam-Nitrous Oxide in Patients with 
Coronary Artery Disease 

McCammon RL, Stoelting RK, and Hilgenberg 
JC—Indiana University, Indianapolis, Indiana 


This study evaluated circulatory responses follow- 
ing intravenous diazepam (0.5 mg/kg) and the sub- 
sequent addition of 50 per cent nitrous oxide in 14 
male patients (50 + 4.2 years, 73 + 6.2 kg, mean + 
SE) scheduled for elective acrtocoronary saphenous 
vein bypass graft operations. No patient was receiving 
propranolol. Pre-anesthetic medication was with mor- 
phine (10-15 mg) and scopolamine (0.4-0.6 mg) about 
90 minutes prior to anesthetic induction. This study 
was approved by the Human Subjects Committee. 

Upon arrival in the operating room a radial arterial 
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line and a thermodilution pulmonary artery catheter 
were placed. Patients breathed 50 per cent oxygen (O» 
analyzer) via an anesthesia face mask and awake 
control measurements were obtained. Diazepam (0.5 
mg/kg) was then administered over 10 minutes and 
measurements repeated. Anesthesia gas machine 
flows were then altered to deliver 50 per cent nitrous 
oxide and measurements were repeated after 10 min- 
utes. Spontaneous breathing was present throughout 
the study period. Arterial blood gases after 10 minutes 
of nitrous oxide administration were PaO: = 187 + 
45 torr and a PaCO» = 44.6 + 1.3 torr. 

Circulatory measurements are summarized in the 
Table. Data were analyzed using analysis of variance 
and a p < 0.05 was considered statistically significant. 

These data demonstrate that intravenous diazepam 
produced minimal circulatory changes. The only 
change from awake values was a clinically insignifi- 
cant reduction in systolic and mean arterial pressure 
(p « 0.05). Furthermore, the subsequent addition of 
nitrous oxide produced only a slight increase in right 
atrial pressure (p « 0.05). Comparing post diazepam- 
nitrous oxide administration values with awake con- 
trol measurements revealed small decreases in systolic 


TABLE 
Circulatory Measurements 
Diazepam TUUS 
Awake (0.5 mg/kg) Oxide 
i (50 per cent) 

Heart rate (beats/ 66 43 68 + 2 65 +2 
min) 

Systolic arterial 14444 125 + 4* 121 +4 
pressure (torr) 

Diastolic arterial 81+2 74+3 75 +3 
pressure (torr) 

Mean arterial pres- 102 +3 91 + 3* 91 43 
sure (tor) 

Right atrial pres- 8.1 + 1.2 7.2 x .2 9.6 € 1.4** 
sure (torr) 

Mean pulmonary 18.4 + 1.4 16.3 + .9 17.2 + .2 
arterial pressure 
(torr) 

Pulmonary artery 11.5 + 1.1 10.6 + 1.2 11.9 + 1.2 
occluded pres- 
sure (torr) 

Cardiac index (1/ 2.8 + .1 2.7 tk. 25+1 
min/m*) 

Systemic vascular 1391 + 97 13444120 1377 +128 
resistance 
(dynes. sec / 
cm) 

. Pulmonary vascular ^ 101 + 11 95+9 97 +15 

resistance 
(dynes-sec/ 
cm^?) 

Heart rate-systolic 9578 + 558 8471 +418 7743 + 292 


blood pressure 
product 





* p « 0.05 compared with awake. 
** p « 0.05 compared with diazepam. 
= Tp < 0.05 compared with awake. 
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and mean arteria] pressure, cardiac index, and the 
heart rate-systolic blood pressure product (p « 0.05). 

These minimal circulatory changes contrast with 
previously reported observations following intrave- 
nous morphine (occasional hypotension necessitating 
vasopressors) and the addition of nitrous oxide to 
morphine (myocardial depression and increased sys- 
temic and pulmonary vasculature resistance) in pa- 
tients with coronary artery disease."? 

We conclude that the absence of adverse circulatory 
changes following diazepam administration and the 
subsequent addition of nitrous oxide make diazepam- 
nitrous oxide a valuable alternative to a morphine- 
nitrous oxide induction in patients with coronary 
artery disease. 

REFERENCES: 

1. Stoelting RK, Gibbs P5: Hemodynamic effects of morphine 
and morphine-nitrous oxide in valvular heart disease and 
coronary artery disease. Anesthesiology 38:45-52, 1973. 

2. Lappas DG, Mortimer JB, Laver MB, et al: Left ventricular 
performance and pulmonary circulation following addition of 


nitrous oxide to morphine during coronary artery surgery. 
Anesthesiology 43:61-69, 1975. 
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Renovascular Effects of Dopamine in 
Anesthetized Man 

McLeskey CH, Boyce WH, and Birch AA— 
Bowman Gray School of Medicine, Winston- 
Salem, North Carolina 


Dopamine infused at 20 ug/kg/min improves renal 
blood flow in anesthetized patients’ and may there- 
fore benefit selected surgical patients with compro- 
mised renal function. However, dopamine produces 
dose-related tachycardia and cardiac arrhythmias dur- 
ing anesthesia.” This study sought to determine the 
optimum intraoperative infusion rate of dopamine, 
i.e. the lowest infusion rate which results in a maxi- 
mum increase of renal blood flow without producing 
tachycardia or arrhythmias. 

Fourteen patients (ASA I-IIL, ages 21-68 years) 
undergoing nephrolithotomy were studied. Following 
diazepam premedication and thiopental induction, 
anesthesia was maintained with fentanyl, pancuron- 
ium, and N2O 60% in Os, with halothane administered 
to maintain blood pressure constant. Arterial PCO» 
was maintained at 33-38 torr. Lactated Ringer’s was 
administered at 10 ml/kg/hr. 

Following surgical exposure of the kidney, a e: 
brated electromagnetic flow probe was placed around 
the renal artery. Renal blood flow and transduced 
radial arterial blood pressure were continuously re- 
corded with a Model 7 Grass polygraph. After a 
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FIGURE. Renal blood flow and dopamine infusion. 


control period, dopamine was administered for 5 
minutes at each of the following infusion rates, pro- 
gressively: 0.5, 1.0, 2.0, 5.0, and 10.0 ug/kg/min uti- 
lizing a Valleylab infusion pump. After each infusion 
interval, the following determinations were made: 
renal blood flow (RBF), mean blood pressure (BP), 
central venous pressure (CVP), urine output, heart 
rate, and incidence of arrhythmias. Renal resistance 
units (RRU) were calculated as follows: RRU = BP — 
(CVP + 5)/RBF (ml/sec). Significant changes from 
control were determined with Student's t test. 

While mean blood pressure remained constant, 
renal blood flow (RBF) increased significantly at each 
dopamine infusion rate (maximum changes at 2.0 and 
5.0 ug/kg/min) and renal resistance (RRU) was least 
at 2.0 ug/kg/min (See Figure). Heart rate increases 
were clinically significant only at 10.0 ug/kg/min. 
Ventricular arrhythmias were observed in two pa- 
tients at 5.0 ug/kg/min and in a third patient at 10.0 
ug kg/min. 

We conclude that dopamine offers therapeutic po- 
tential for increasing renal blood flow intraoperatively 
with an infusion rate of only 0.5 ug/kg/min. Maximal 
increases of renal blood flow and decreases of renal 
resistance occurred at 2.0 ug/kg/min. Exceeding this 
infusion rate during general anesthesia may decrease 
renal blood flow and produce life threatening arrhyth- 
mias. 


REFERENCES: 

1. Birch AA, Boyce WH: Effects of droperidol-dopamine inter- 
action on renal blood flow in man. Anesthesiology 47:70-71, 
1977. 

2. Goldberg LI: Cardiovascular and renal actions of dopamine: 
potential clinical applications. Pharm Rev 24:1-29, 1972. 


Spread and Uptake of Solution Injected for 
Intercostal Nerve Block: A Roentgenographic 
Study 

Moore DC, Bush WH, and Scurlock JE—The 
Mason Clinic, Seattle, Washington 


WHAT WAS DONE: Five milliliters of iothalamate 
meglumine U.S.P. 60% (Conray®) was injected into 
the costal grooves of the ninth or tenth ribs bilaterally 
in fifteen surgical patients. X-rays were taken from 
the completion of the block at: (1) thirty seconds; (2) 
one minute and thirty seconds; (3) two minutes and 
thirty seconds; (4) four minutes and thirty seconds 
and (5) at fourteen minutes and thirty seconds. In 
three other patients, computed axial tomography lo- 
calized the spread of the iothalamate meglumine. 

WHaT WAS FOUND: First x-ray: The iothala- 
mate meglumine spread centrad 7.5 cm and periph- 
erally 7.5 cm in the costal grove of the rib (Figure). 
Second x-ray: Further spread centrad occurred and it 
was visualized in close proximity to the body of the 
vertebra of the injected rib. Third x-ray: The spread 
had extended cephalad and caudad along the body of 
the ver-ebra. Fourth x-ray: The density of the iothal- 
amate meglumine in the groove of the rib had mark- 
edly decreased but along the body of the vertebra, it 
was clearly visible. Fifth x-ray: Its spread cephalad 
had increased as much as three vertebrae. Lateral x- 
ray: This film was of no help in tracking the spread 
of the :othalamate meglumine anterior and posterior 
at the vertebrae. However, computed axial tomogra- 
phy showed it between the transverse processes and 





FIGURE. Spread of iothalamate meglumine within 30 seconds of 
injection. 1 & 2 = hub of needles; A & C = points of needle on 
lower berder of rib; 4 & B and 5 & 6 = spread of iothalamate. 
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along the sides of the posterior half of the bodies of 
the vertebrae. 

WHAT WAS CONCLUDED: Iothalamate meglu- 
mine injected into the costal grooves of the ribs spread 
extensively and rapidly within thirty seconds of injec- 
tion. Furthermore, the majority of its visibility was 
markedly decreased in the costal groove at four min- 
utes and thirty seconds of injection. These findings 
clarify the unexplained reason for the rapid absorp- 
tion of local anesthetic drugs which occurs after in- 
tercostal nerve block and which produces a higher 
plasma level of the drug in a shorter time period as 
compared to other regional block techniques. 


REFERENCES: 
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drugs. Br J Anaesth 37:394-404, 1965. 
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(LAC-43) in axillary plexus blocks, intercostal nerve blocks 
and epidural anaesthesia. Acta Anaesth Scand 12:1-4, 1968. 

3. Tucker GT, Moore DC, Bridenbaugh PO, et al: Systemic 
absorption of mepivacaine in commonly used regional block 
procedures. Anesthesiology 37:227-287, 1972. 

4. Moore DC, Mather LE, Bridenbaugh PO, et al: Arterial and 
venous levels of bupivacaine following epidural and intercostal 
nerve blocks. Anesthesiology 45:39-45, 1976. 
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blocks. Anesth Analg 55:763-768, 1976. 


Effect of Nitroprusside on Directly Measured 
Myocardial O; Consumption During Halothane 
Anesthesia 

Nielsen NC, and Rusy BF—St Joseph's 
Hospital, Reykjavik, Iceland 


Present knowledge of the effect of sodium nitro- 
prusside on myocardial Oz consumption during an- 
esthesia is derived from observations of changes in 
indirect tension-related indices of myocardial O» con- 
sumption such as the tension-time index. These in- 
dices do not correlate well with directly measured 
myocardial Os consumption under all circum- 
stances.” In the present study we report the effect 
of sodium nitroprusside on directly measured re- 
gional myocardial Os consumption during halothane 
anesthesia in dogs. 

Dogs were anesthetized with thiopental, intubated, 
ventilated, and maintained with halothane 196. Arte- 
rial pressure, left ventricular pressure, ascending aor- 
tic phasic and mean flow and left anterior descending 
coronary artery flow (electromagnetic flow probes), 
heart rate, and arterial and coronary venous blood O» 
content were measured. The tension-time index was 
computed as the area under the left ventricular pres- 
sure curve. Acceleration of aortic ejection was used 
as an index of contractility. Regional myocardial O2 
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consumption was calculated as the product of left 
anterior descending coronary artery flow and my- 
ocardial A-VO» difference. Following control meas- 
urements a phenylephrine infusion was started to 
produce a stable hypertension. Measurements were 
repeated. Sodium nitroprusside was then infused to 
return arterial pressure to the control value. A third 
set of measurements was made. 

In 8 animals phenylephrine hypertension resulted 
in statistically significant increases in directly meas- 
ured myocardial O consumption, arterial pressure, 
left ventricular end-diastolic pressure, tension-time 
index, and rate-pressure product. Sodium nitroprus- 
side infusion caused significant decreases in these 
variables. Correlation coefficients for changes in my- 
ocardial O2 consumption versus changes in tension- 
time index, rate-pressure product, and arterial pres- 
sure were, respectively, 0.86, 0.82, and 0.93. 

In halothane anesthetized dogs sodium nitroprus- 
side causes a decrease in directly measured myocar- 
dial Oz consumption which correlates well with si- 
multaneously observed decreases in the tension-re- 
lated indirect indices of this variable. A similarly good 
correlation occurs when nitroprusside is used to treat 
left ventricular failure? and may be analogous in terms 
of underlying mechanism. 

REFERENCES: 
1. Sonnenblick E, Ross J, and Braunwald E: Oz consumption of 
the heart. Am J Cardiol. 22:328-336, 1968. 


2. Kirk E, LeJemtel T, Nelson G, et al: Nitroprusside and digitalis 
in ischemic heart failure. Am J Med. 65:189-196, 1978. 


Epidural Analgesia Level and the Aging 

Park WY, Massengale MD, Kim S-I, Poon KC, 
and Macnamara TE—Georgetown University 
and Veterans Administration Medical Center, 
Washington, DC 


Bromage documented a strong inverse linear rela- 
tionship between age and epidural dose requirement 
in adults.’ It has been our clinical impression, how- 
ever, that age of the patient played a minor role in 
determining the epidural dose. This study was, there- 
fore, designed to verify or refute our clinical impres- 
sion. (During this study there have been reports ques- 
tioning the validity of this strong relationship). 

Two hundred thirty one male adults with mean age 
of 51 years (21-84) and mean height 176 cm (156- 
198) were investigated. After obtaining an informed 
consent, epidural block was performed for surgery. 
The patient was placed in the lateral position on a 
horizontal table. A #17 Tuohy needle was introduced 
into the third or second lumbar intravertebral space 
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TABLE 
Relationship Between Age and Analgesia Level 
Age group (year) 20-29 30-39 40-49 50-59 60-69 70-79 80-84 
No. of patients 35 22 72 47 22 5 
Analgesia level * T 6.7 T 6.6 T 4.6 T 4.1 T 4.1 T 4.7 T 3.5 
(range) (11-2) (11-2) (9-2) (17-1) (10-1) (7-2) (6-2) 





* T: Thoracic Dermatome. 


and the epidural space was identified by "loss-of- 
resistance" technique. With the bevel of the needle 
pointing cephalad, 2 ml of 1.5% Xylocaine with epi- 
nephrine (1:200,000) was injected as a test dose and 
one minute later, 18 ml of the same solution was 
injected over a period of 30 seconds. The level of 
sensory block was checked every 10 minutes by pin- 
prick and the time for sensory recovery to T12 was 
also noted. 

The mean sensory block levels achieved were T7.7, 
T5.6 and T5.1 at 10, 20, and 30 minutes respectively 
after epidural anesthetic injection. It took approxi- 
mately 30 minutes before the spread of sensory block- 
ade was completed. There was no correlation between 
age and sensory block levels until age of 40, when 
sensory block level significantly increased to T4.6 
from T6.6. Thereafter, however, epidural analgesia 
level for each advancing age group remained essen- 
tially unchanged (Table). There was a wide individual 
variation in sensory block levels in all age groups. 
The patient's height had a small but significant effect 
on sensory block level (r 0.2614, p « 0.001). Time for 
sensory recovery to T12 was 164 minutes and it varied 
very little with age (r 0.1279, p « 0.05). Unlike pre- 
vious reports, our results indicate that epidural anes- 
thetic doses need to be reduced slightly in patients 
older than the age of 40. 
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Cardiac Output Estimation by the CO; 
Rebreathing Method in Dogs Anesthetized 
on the Bain Anesthesia Circuit 

Ramanathan S, Capan L,Chalon J, Pearlstein 
S, and Turndorf H—New York University, New 
York, New York 


Cardiac output estimation, using the non-invasive 
Collier CO» rebreathing method, measures Pvco». The 


lungs are used as an aerotonometer to equilibrate 
Pvco» wi-h 1096 CO» inhaled from a rebreathing bag. 
System and pulmonary artery CO; concentrations 
converge and become identical at equilibrium.! Fick's 
principle Q = Vcos + (Cvco» — Caco)! is used to 
calculate cardiac output. Vco2 is determined by col- 
lecting expired gas and measuring FEco»2. 

We heve modified this technique for clinical anes- 
thesia use with a Bain anesthesia circuit, a modified 
Mapleson D system, which offers the following ad- 
vantages 1) the outer tube of the circuit replaces the 
rebreathmg bag required for CO» equilibration, and 
2) the expired gas collection is unnecessary because 
Vco» = 7 Ecos (measured at the respirator end of the 
circuit) multiplied by the fresh gas inflow in L/min.” 

Five mechanically ventilated dogs were studied dur- 
ing endctracheal anesthesia with halothane in oxygen 
(5 L/mir) on a Bain circuit (V, = 700 ml, f = 12-14/ 
min). A -hermodilution catheter was introduced into 
the pulmonary artery and arterial samples were ob- 
tained f-om the femoral artery. CO» (400 ml/min) 
was added to the fresh gas delivery tube. When end- 
tidal CC», measured on a capnograph close to the 
endotracheal tube, showed minimal or no variation 
from inspired CO» concentration during 2 consecutive 
cycles, circuit gases were considered in equilibrium 


CARDIAC OUTPUT L/min (INDIRECT) 
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CARDIAC OUTPUT L/min (DIRECT) 


FIGURE. Cardiac output by CO; rebreathing (indirect) compared 
to thermodilutional method (direct). (r = 0.92, n = 45). 


ANESTHESIA AND ANALGESIA 
Vol 59, No 7, July 1980 


955 


ABSTRACTS 


with Pvco». Cardiac output and Vcos were calculated 
on a Texas Instruments 59 microprocessor pro- 
grammed to incorporate a mathematical model of the 
oxyhemoglobin CO» dissociation curve and temper- 
ature corrections. 

Cardiac outputs measured by the rebreathing 
method were compared to thermodilutional values. 
Equilibrated Pvco? was also compared to directly 
measured pulmonary artery PCO». There was a good 
correlation between CO; rebreathing and thermodi- 
lutional cardiac output measurements (r — 0.92, n — 
45) (Figure) over a range of 1.8-7.8 L/min. The mean 
CO» cardiac output was only 696 lower than the 
thermodilutional measurement. Mean indirect Pvco» 
was 1.8% lower than direct measurements (r = 0.93, 
n — 45, range 33-52 torr). 


REFERENCES: 
1. Franciosa JA: Evaluation of the CO» rebreathing cardiac output 
method in seriously ill patients. Circulation 55: 449, 1977. 
2. Bain JA, Spoerel WE: Carbon dioxide output in anaesthesia. 
Can Anaesth Soc ] 23: 153, 1976. 


Humidity in Children and Adults Using 
CPRAM 

Rayburn RL—Primary Children’s Medical 
Center, Salt Lake City, Utah; and Watson RL— 
Walter Reed Army Medical Center, Washing- 
ton, DC 


Humidity in adults using coaxial (Bain) circuits 
varies between 12 and 21 mg H2O/L, but no humidity 
studies exist for children using these circuits. The 
controlled partial rebreathing anesthesia method 
(CPRAM) is a new technique for using coaxial circuits 
with children and has the advantage of a fresh gas 
flow rate based upon body surface area.’ This study 
measures the inspired humidity in normocapnic chil- 
dren and adults using CPRAM, and compares these 
results with humidity obtained in normocapnic adults 
using semiclosed and closed circle systems. 

METHODS: Sixteen adults and 5 children were 
studied (divided into 5 groups). Fentanyl and pancu- 
ronium with N?2O-O; (2:1) were used except for Group 
E in which spontaneous ventilation with halothane 
0.65 MAC and N$;O-O)» (2:1) was used. Arterial PCO» 
and initial, mid, and end inspiratory humidity were 
measured at 30 minute intervals for two hours. Group 
A (5 children) had humidity measured within a dry 
modified coaxial circuit near the endotracheal tube 
using CPRAM. Groups B and C (five adults each) had 
humidity measured within the modified coaxial cir- 
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cuit and at the patient end of a non-modified coaxial 
circuit respectively using CPRAM. Group D (3 adults) 
had humidity measured in a semiclosed circle with a 
5 liter flow. Group E (3 adults) had humidity meas- 
ured in a closed circle. 

RESULTS: Inspiratory humidity in all CPRAM pa- 
tients exceeded that of both the semiclosed and closed 
circle patients. Humidity was initially between 21 and 
22 mg H2O/L, stabilized at 30 minutes, and remained 
between 24 and 26 mg H2O/L. 

DISCUSSION: CPRAM provides adequate humid- 
ity while maintaining normal arterial blood gases.’ 
CPRAM also avoids the lag which occurs with most 
other methods before adequate humidity is obtained. 
We conclude that in both children and adults CPRAM 
provides humidity superior to that of the Bain method 
and circle systems during two hours of anesthesia. 


REFERENCE: 
1. Rayburn RL, Graves SA: A new concept in controlled ventila- 
tion of children with the Bain anesthetic circuit. Anesthesiology 
48:250-253, 1978. 


Fentanyl-Air/O, Anesthesia for PDA Ligation 
in Infants Less than 1500 g 

Robinson S, and Gregory GA—University of 
California, San Francisco, San Francisco, 
California 


We previously studied a group of premature infants 
having ligation of patent ductus arteriosus (PDA).! 
With halothane anesthesia, 45% became hypotensive. 
In dehydrated infants (urine S.G. >1.009), the inci- 
dence of hypotension was 70%. In a group of prema- 
ture infants, Gregory found an absence of barorecep- 
tor function with failure to compensate for hypoten- 
sion by increasing heart rate.” 

During PDA ligation in premature infants, PaO» 
varies markedly. Continuous measurement of trans- 
cutaneous oxygen (tcPO») allows one to adjust the 
FiO, and ventilation to maintain PaO» in a normal 
range (50-70 torr). Inhalation anesthetics, including 
N20, cause inaccurate electrode readings. 

Stanley et al? used fentanyl citrate (0.05 mg/kg) 
plus pancuronium-oxygen in adults and reported cir- 
culatory stability without postop recall. We modified 
this technique for ligation of PDA in a group of 
premature infants. 

METHODS: All the premature infants (1.15 + 0.3 
kg) we studied had congestive heart failure and res- 
piratory insufficiency requiring mechanical ventila- 
tion. All had failed trials of "conservative" therapy, 
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Change in Systolic Pressure, Heart Rate, and tcPO; during 
Fentanyl-Air/O; Anesthesia (% of Value at OR Admission) 





Systolic 


Pre/Post Proedero Heart Rate tcPO; 
Fluid bolus Pre 100 101 +3 1024 
Post 109 + 12 101-4 107 = 21 
Fentanyl and Pre 101 +4 104 +7 107 + 21 
pancuronium Post 96 +11 98 + 17 108 + 24 
Incision Pre 94+13 105 + 7 108 + 24 
Post 95 +15 111 & 10 17128 
Ligation Pre 109 + 18 110 + 13 95 = 22 
Post 110 + 24 112213 87 = 23 
End 100 + 15 113 + 19 97 = 17 
ICN 109 + 23 108 + 13 94 + 27 


including diuretics and indomethacin. A tcPO» elec- 
trode was applied to the head or abdomen. If the 
preop urine S.G. was >1.009 or signs of hypovolemia 
were present, we gave 10 ml/kg of D; lactated Ringer's 
solution I.V. After inducing anesthesia with I.V. fen- 
tanyl (0.03-0.05 mg/kg) and pancuronium (0.1 mg/ 
kg), we gave no further drugs. All infants were ven- 
tilated with air plus enough Oz to keep tcPO» normal. 
All remained intubated postoperatively; most re- 
quired additional sedation within 1-2 hours. 

RESULTS: The Table shows systolic pressure, heart 
rate, and tcPO» as a % change from preinduction 
values. The control pressure was 56 + 9 torr; heart 
rate, 145 + 22 beats/min; and tcPO», 64 + 10 torr. 
Blood pressure and heart rate were unchanged by 
anesthesia and surgery. The tcPOz varied as the lung 
was compressed or expanded. The FiO» was varied to 
keep tcPO»s normal. 

DISCUSSION: Fentanyl/air/O» produced minimal 
circulatory disturbance in these small infants during 
anesthesia and surgery. They appeared to be well 
anesthetized without change in heart rate and arterial 
pressure with surgery. We were able to use the tcPO; 
continuously and prevent hyperoxia and hypoxia. 

Postoperative respiratory depression was not a 
problem. All of these infants are usually ventilated 
for one or more days. 


REFERENCES: 

1. Robinson S, Gregory GA: Urine specific gravity as a predictor 
of hypovolemic and hypotensive response to halothane anes- 
thesia in the newborn. American Society of Anesthesiologists, 
1977, pp 37-38 (abstract) 

2. Gregory GA: Baroreceptors and anesthesia in infants 21.5 kg 
at birth. American Society of Anesthesiologists, 1978, p 375 
(abstract) 

3. Stanley TH, Philbin DM, Coggins CH: Fentanyl-oxygen anes- 
thesia for coronary artery surgery: Cardiovascular and anti- 
diuretics hormone response. American Society of Anesthesiol- 
ogists, 1978, pp 579-580 (abstract) 


Lack of Importance of Operating Room 
Temperture on Patient Temperature on 
Arrival in Recovery Room 

Roizen MF, Sohn YJ, L'Hommedieu CS, Wylie 
EJ, and Ota MK—University of California, San 
Francisco, San Francisco, California 


Significant perioperative heat loss occurs prior to 
draping. While the decreased metabolic rate that hy- 
pothermia induces may be a benefit in anesthetized 
patients, modest hypothermia may cause morbidity 
from shivering and consequent increased oxygen con- 
sumption in the postoperative period. Although sev- 
eral studies stress the importance of ambient temper- 
ature in maintaining intraoperative patient tempera- 
ture, no study has determined the importance of 
ambient room temperature prior to draping to initial 
recovery room temperature in major vascular surgical 
patients. Since operating rooms may cool slowly after 
once being warmed, an initially warmed room may 
result in discomfort to the gowned and gloved sur- 
geon. Therefore, we investigated if a cold room en- 
vironment prior to draping influenced the patient's 
temperature or shivering in the recovery room in 
major vascular surgery cases when other standard 
measures to maintain intraoperative temperature 
(warming blanket and warmed fluids) were employed. 

METHODS: All patients (42) scheduled to undergo 
aortofemoral bypass grafts or abdominal aortic aneu- 
rysm resection and attended by one anesthesiologist 
(MFR) in one operating room were randomized to a 
cold or warm room. Warm rooms (21 cases), were 
22.2°C or above until draping (with an aim of 23.5°C) 
while cold rooms (21 cases) were 18.9?C or below 
until draping (aim of 18°C). Once the drapes were on, 
the room temperature control was set at its minimum, 
17*C. All intravenous fluids and blood were warmed 
to 37.5°C and a heating blanket was maintained at 
37.8°C prior to and during the patient's operating 
room experience. Preoperative left posterior sublin- 
gual pocket and recovery room rectal temperatures 
were recorded on the same electrically calibrated 
IVAC® electrical thermometer, and intraoperative 
temperatures by thermistor determined pulmonary 
artery blood temperature with the same Edwards 
cardiac output monitor for all cases. All room tem- 
peratures were the mean of temperatures recorded 
from the same two mercury thermometers. All pa- 
tients were examined postoperatively every other day 
by one person. Their EKG's and BUN's were obtained 
on days 1, 3 and 7 postoperatively. CPK isoenzymes 
were obtained whenever there was a T wave abnor- 
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TABLE 
Temperatures (°C) 
Warm Environment Cold Environment 
Prior to Draping Prior to Draping 
T—a Patient Room Patient Room 
Temper- Temper-  Tempera- Temper- 
ature ature ture ature 
Arrival 36.3 23.7 36.2 TZS 
Completion of drap- 35.9 23.5 35.601” 17.8 
ing 
1 hour* 35.8 22.1 35.6 19.0 
2 hours* 35.7 21.7 35.6 18.8 
3 hours* 35.6 zia 35.6 19.4 
4 hours* 35.7 21.7 35.6 19.9 
5 hours* 36.2 21.4 35.8 20.2 
6 Hours* 36.2 Eta 36.1 20.2 
Arrival in recovery 36.2 21.0 36.3 21.0 
room 


* Hours after incision. The SEM for patient temperatures was 
0.2 or less excepting * * where it was 0.8°C, while that for room 
temperatures was 0.5°C or less. 


mality on the EKG or patient symptoms indicated an 
episode of myocardial ischemia might have occurred. 

RESULTS: There were no significant differences in 
time from admission into operating room to draping, 
anesthetic type or technique, body surface area, type 
of operation, operative time, blood loss, blood or fluid 
replacement between the two groups. Initial room 
temperatures were 6.4°C different and despite at- 
tempts to maximally cool all rooms, remained differ- 
ent for 6 hours (Table). Initial and recovery room 
patient temperatures were not different between each 
other, or the two groups. Three of 21 patients in both 
groups shivered postoperatively; their rectal recovery 
room temperatures were (warm room): 35°, 35', and 
37 and (cold room): 35”, 35? and 36?— not significantly 
different from temperatures of the other 36 patients. 
Three patients from the warm room group and 3 
patients from the cold room group arrived in the 
recovery room with temperatures below 35.5°C but 
none of these 6 had temperatures below 34.5°C. Heat 
loss prior to draping was greater in the cold room 
group, 0.63°C + 0.14, than in the hot room group 
0.32?C + 0.10 (p « 0.01). There was no difference in 
myocardial, renal, CNS, pulmonary or graft morbidity 
between the two groups. 

DISCUSSION: Despite their greater heat loss prior 
to draping, patients in the cold room group had the 
same recovery room temperatures as their warm room 
counterparts, and the incidence of shivering was not 
different in the two groups. Thus our hypothesis 
deduced from the literature: that ambient temperature 
prior to draping influenced patients' temperatures on 
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arrival in the recovery room was wrong. It appears 
that in major vascular operations, surgeons can be 
comfortable and patients’ welfare guarded by using 
a warming blanket and warming all fluids meticu- 
lously. It should be noted, however, that room tem- 
perature prior to draping did influence patient tem- 
perature early intraoperatively. Thus, room tempera- 
ture may be a more important factor in short cases. 


Hepatic Blood Flow in Phenobarbital Treated 
Rats During Halothane and Hypoxia 

Ross WT Jr, and Daggy BP—vUniversity of 
Virginia, Charlottesville, Virginia 


Halothane has been reported to cause liver necrosis 
when administered to hypoxic rats pretreated with 
phenobarbital. Light and electron microscopic exam- 
ination of livers from such animals suggest a toxic 
insult but cannot exclude major alterations of hepatic 
blood flow as the cause of the cellular damage. We 
sought to assess liver blood flow using radioactively 
labelled microspheres before and after halothane and 
hypoxia were administered separately and in combi- 
nation. 

METHODS: Twenty-six male Wistar rats (pre- 
treated with 1 mg/ml phenobarbital in their drinking 
water for one week) were prepared for radioactive 
microsphere determination of cardiac output and re- 
gional blood flow to the abdominal organs by placing 
PE-50 cannulae in the left ventricle and left femoral 
artery. After a one hour stabilization period Strontium 
85 microspheres (15 micron) were injected into the 
left ventricle and cardiac output determined from a 
simultaneous blood sample withdrawn at a constant 
rate from the femoral cannula. Animals were then 
assigned to one of four treatment groups: Group I, no 
treatment (FiO» = .21); one hour elapsed between the 
first and second (v.i.) microsphere injection; Group II, 
hypoxia (FrO2 = .08); Group III, adequate oxygen 
(FrO2 = .50) and halothane (0.6%); Group IV, hypoxia 
(FrO2 = .10) and halothane (0.6%). At the end of the 
one hour treatment period Cerium 141 labelled mi- 
crospheres were injected and cardiac output again 
determined in each animal. An arterial blood gas 
sample was obtained, the animals sacrificed and ra- 
dioactivity counted in the blood samples and the 
abdominal organs. Radioactivity counting was per- 
formed using a gamma counter with windows set for 
the two isotopes. Organ blood flows were calculated 
as a percentage of the respective cardiac output. Liver 
blood flow calculated from the radioactivity counted 
in the liver represents hepatic arterial blood flow. 
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Hepatic portal flow was calculated from the sum of 
the flows to the organs whose venous drainage makes 
up the portal blood flow (stomach, spleen, large and 
small intestine). Control values were compared with 
those obtained after treatment using Student’s paired 
t-test. Values of p less than .05 were taken to be 
statistically significant. 

RESULTS: In the untreated controls (Group I) de- 
terminations of cardiac output and percent blood flow 
to the abdominal viscera determined with Strontium 
85 were not different from the determinations using 
Cerium 141. With hypoxia (Group II) cardiac output 
was unchanged as was blood flow to the hepatic 
artery, portal vein and small intestine. Blood flow to 
the stomach, large intestine and spleen were signifi- 
cantly decreased. With halothane alone (Group III) 
cardiac output was slightly reduced and hepatic arte- 
rial splenic blood flows were significantly increased. 
Other flows in this group were unchanged from their 
respective controls. When halothane was given to 
hypoxic rats (Group IV) cardiac output and blood 
flow to the stomach were slightly decreased. Hepatic 
arterial, portal and blood flow to the other viscera 
were unchanged from control. Blood gas determina- 
tions showed no metabolic acidosis and that the hy- 
poxic groups were hyperventilating. 

CONCLUSIONS: We conclude that halothane ad- 
ministered to hypoxic rats does not result in major 
changes in hepatic arterial and portal blood flow as 
measured by the radioactive microsphere technique 
in phenobarbital treated rats. It is likely that the 
hepatic damage seen in such animals is not the result 
of disturbed hepatic blood flow. 

This work was supported, in part, by USPHS Grant 
GM 25117. 


Effects of Halothane on Right Coronary 
Circulation in the Dog 

Sawyer DC, Ely SW, Korthuis RJ, and Scott 
JB—Michigan State University, East Lansing, 
Michigan 


This study was undertaken to contrast the local and 
systemic effects of halothane on the vascular bed 
supplied by the right coronary artery. Following a 
sternotomy, an extracorporal constant flow perfusion 
circuit was interposed between a femoral artery and 
the right coronary artery. In seven animals, the extra- 
corporal circuit contained an isolated donor lung 
which was used to deliver halothane directly into the 
coronary blood. During control conditions the donor 
lung was ventilated with 20% Os, 5% CO», 75% Na. 
The local effects of halothane were determined by 


TABLE 
Right Coro- Systemic 
Halo- Control nary Vascu- Right Ven- Mean Pres- 
thane lar Resist- tricular dP/dt sure (mm 
ance (PRU) Hg) 
Coronary n=7 1.98 + 22 1635 +167 11729 
artery 1%,n=7 1.64+ .24* 15502124 103+9 
2%,n=6 1,.54+ .25° 1508 + 76 104 +9 
Systemic n=4 2.64 +0.42 2400+519 124+2 
1%,n=4 264+0.51 1937 + 387 78 + 6° 
2%,n=2 3.09 + .15 1750 + 750 §0 + 15° 


* p > 0.05 as compared with control. X + SE 


adding the vapor (1 and 2%) to the ventilatory mixture. 
In four other animals, the isolated lung was omitted 
from the coronary perfusion circuit and halothane 
was administered systemically at comparable blood 
concentrations. The results are shown in the Table. 

Local administration of halothane did not affect 
right ventricular dP/dt or systemic pressure but 
caused marked coronary dilation. In contrast, sys- 
temic halothane was associated with marked reduc- 
tions in systemic pressure and dP/dt but failed to 
alter coronary resistance. In this preparation bilateral 
carotid occlusion is associated with a rise in right 
coronary vascular resistance. Thus, we conclude that 
while the direct local effect of halothane is to cause 
coronary dilation when the vapor is given systemi- 
cally, reflex baroreceptor stimulation and decreased 
cardiac metabolism may partially or completely an- 
tagonize the local effect. This is supported by the 
finding that systemically administered halothane dur- 
ing local coronary alpha blockade with intracoronary 
phentolamine infusion produces a significant decrease 
in coronary resistance. 


Cardiovascular Effects of Deep Barbiturate 
Anesthesia 

Soko!l MD, Kassell N, and Davies LR— 
University of lowa, lowa City, lowa 


The surgical treatment of ruptured intracranial 
aneurysms can be complicated by transient cerebral 
ischemia. Deep barbiturate anesthesia has been re- 
ported to protect experimental animals from ischemic 
or hypoxic cerebral injury. This paper examines the 
effects of deep barbiturate anesthesia on the cardio- 
vascular system. 

Fifteen consenting patients scheduled for elective 
or urgent clipping of ruptured intracranial aneurysms 
were studied. Preoperatively a triple lumen thermo- 
dilution Swan-Ganz catheter was passed into the pe- 
ripheral lung field to a wedge position. A radial or 
brachial artery catheter was inserted for blood pres- 
sure measurement and blood sampling. An array of 


559 


ANESTHESIA AND ANALGESIA 
Vol 59, No 7, July 1980 


ABSTRACTS 


EEG electrodes was placed on the non-operated side 
of the head. Drugs were infused through a separate 
catheter. The patients were lightly premedicated with 
pentobarbital (50-75 mg) one hour preoperatively. 
Anesthesia was induced with thiopental and the pa- 
tients ventilated with N;O-O» (6096-4096). Morphine 
sulfate was administered not exceeding 0.5 mg/kg. 
Sufficient thiopental was administered to maintain 
adequate anesthesia. After initial exposure of the 
aneurysm sufficient thiopental was administered to 
induce 10-40 second burst suppression in the EEG 
reading. This degree of EEG suppression was main- 
tained until the aneurysm was clipped. Sodium nitro- 
prusside was administered as needed to produce ar- 
terial hypotension. 

The control cardiac index in these patients ranged 
from 50 to 100% above the normal level while periph- 
eral vascular resistance was normal. With the induc- 
tion of anesthesia the cardiac index returned to nor- 
mal. With the induction of burst suppression there 
was a slight fall of cardiac output and, usually, an 
increase in PVR. The production of induced hypoten- 
sion had a variable effect on cardiac output during 
deep anesthesia. At MABP 55-60 cardiac output was 
well maintained. When the MABP decreased beyond 
this point there was usually a fall in CO. After the 
aneurysm was clipped, thiopental administration was 
stopped and the patient allowed to gradually lighten. 
The patients awakened in 3 to 4 hours. 

Deep barbiturate anesthesia with thiopental is an 
acceptable and perhaps protective anesthetic tech- 
nique for aneurysm surgery. 


Electrode Type and Placement During Train of 
Four Affects Assessment of Neuromuscular 
Blockade 

Stiffel P, Hameroff SR, and Blitt CD— 
University of Arizona, Tucson, Arizona 


Accurate monitoring of neuromuscular blockade is 
important in order to provide optimal muscle relaxa- 
tion and rapid reversibility. Initial studies assessing 
neuromuscular blockade were based on hand muscle 
twitches elicited from subcutaneous needle electrodes 
reflecting supramaximal stimulation of the ulnar 
nerve. Recently, disposable stick-on skin electrodes 
have been used over the ulnar and facial nerves as 
alternative means of assessing neuromuscular block- 
ade.’ Whether these new types of electrodes and their 
placement provide the same information about neu- 
romuscular blockade as the older subcutaneous ulnar 
needle electrodes has not been studied well clinically. 
This study compared facial and ulnar pad electrodes 
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with ulnar needle electrodes under clinical conditions 
in order to evaluate their reliability and relative sen- 
sitivity of neuromuscular blockade. 

Neuromuscular blockade was assessed in 15 pa- 
tients anesthetized with nitrous oxide, sodium thio- 
pental, morphine and d-tubocurarine (DTC) by 
counting muscle twitches elicited from (1) electrode 
pads stuck over the distal ulnar nerve (ulnar pads), 
(2) electrode pads stuck periorbitally over the facial 
nerve (facial pads), and (3) needle electrodes im- 
planted subcutaneously over the ulnar nerve (ulnar 
needles). In all 47 sets of measurements from this 
group of patients, the number of twitches seen after 
train of four stimulation conformed to the following 
relationships: (facial pads) > (ulnar needles) > (ulnar 
pads). (p < 0.0001 by binomial distribution analysis). 
Doses of DTC that reduced ulnar needle mediated 
train of four to one twitch preserved three or four 
facial pad twitches in 67% of the measurements and 
obliterated all ulnar pad twitches in 75% of the meas- 
urements (Figure). 

The relative sensitivities of the three monitoring 
methods were also evaluated in an additional group 
of eight patients who received 5 mg/kg succinylcho- 
line. The average time from the onset of complete 
twitch depression to the reappearance of four distinct 
twitches after train of four was; facial pads 7.75 + 
0.92 minutes; ulnar needles 12 + 1.0 minutes; and 
ulnar pads 14.1 + 1.4 minutes (Table). Recovery time 
for facial pads was significantly less than for ulnar 
needles or ulnar pads (p < 0.005). 

This study demonstrates that the type of electrode 
and its placement results in a significantly different 


o = Eye pads 
è = Ulnar needles 
a = Ulnar pads 


DTC mg/kg 





4 3 2 1 O 
Visible Twitches (train of four) 


FiGURE. Visible twitches after d-tubocurarine. 
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TABLE 
Sensitivity of Three Monitoring Methods 


Minutes to Recovery of Four Twitches After SDC 


Patient # (5 mg/kg) 
Ulnar pads Facial pads Ulnar needles 
16 15 5 10 
17 13 5 10 
18 10 6 10 
19 11 8 11 
20 10 8 10 
21 21 11 1r 
22 16 12 13 
23 17 7 18 





assessment of neuromuscular blockade by the clini- 
cian. The use of sticky ulnar skin electrodes under- 
estimates neuromuscular blockade; with this method, 
inadequate clinical relaxation may occur despite com- 
plete twitch depression. Conversely, facial twitch pro- 
duced with skin electrodes is very resistant to neu- 
romuscular blocking agent. These findings assume 
particular clinical relevance when using facial pads to 
assess neuromuscular blockade because the margin of 
safety between ulnar needle twitch response and dia- 
phragm paralysis (return of normal hand twitch re- 
flects twice as many free diaphragmatic receptors") is 
reduced. It is concluded that when these modified 
techniques of assessing neuromuscular blockade are 
used, the criteria relating twitch depression to muscle 
relaxation should be modified accordingly. 


REFERENCES: 
I. Kopman AF, Anesthesiology 44:343, 1976. 
2. Waud BE and Waud DR, Anesthesiology 37:417, 1972. 


A Rationale For High Spinal Anesthesia 
Thompson GE—The Mason Clinic, Seattle, 
Washington 


Anesthetic techniques rise and fall in popularity. 
Even high spinal anesthesia was once in vogue. As 
early as 1909, Jonnesco hailed it as "the analgesic 
method of the future." Unfortunately, a few tragic 
complications, coupled with the advent of new drugs 
and new expertise in general anesthesia, resulted in 
the present tendency to limit subarachnoid block to 
surgical procedures done below the waist. Is it possi- 
ble that we have cast aside a technique that still offers 
many of the features that we currently deem highly 
desirable? Is it possible that the cardiovascular con- 
sequences are really a positive feature as compared to 
the more traditional perspective of a “complication”? 

A review of our series of 25,000 spinal anesthetics 
revealed 74 patients who intentionally received large 
dose (18-20 mg tetracaine) spinals for abdominal 
surgery. Fifty-seven percent of these patients received 
no vasopressor. There were no serious alterations of 
organ function. Therefore, a prospective study was 


designed to observe the natural history of cardiovas- 
cular changes in 100 patients following high dose (20 
mg tetracaine) spinal anesthesia. Vasopressors were 
given only if the systolic pressure fell below 60 torr. 
Patients ranged in age from 14 to 90 years and from 
ASA class I through IV. The sensory level was at T4 
or higher in 92 percent. Total spinal anesthesia oc- 
curred in 2 patients. The average systolic pressure fell 
from 135 torr to 70 torr and the average heart rate 
decreased from 80 to 59 beats per minute. Minimum 
rate pressure product (RPP min) ranged from 1500 to 
9700. The benefits of reduced cardiac afterload and 
deliberate hypotension are among the inducements to 
have us reconsider this technique. It is certainly not 
synonymous with cardiovascular collapse, respiratory 
failure, or residual paralysis as many fear. 


Acute Neurologic Changes Caused by 
Nitroprusside-Induced Intracranial 
Hypertension 

Todd MM, Morris PJ, and Philbin DM— 
Harvard Medical School, Boston, 
Massachusetts 


Sodium nitroprusside (SNP) is a vasodilator that 
can increase cerebral blood flow and volume, and 
raise intracranial pressure (ICP). Such changes may 
be detrimental, particularly if intracranial compliance 
is reduced, and combined with a fall in arterial pres- 
sure may cause acute brain shifts, herniation or in- 
farction. However, such injury has not been demon- 
strated. 

METHODS: We studied seven normocapnic dogs 
anesthetized with thiopental (25 mg/kg bolum, then 
4 mg/kg/hr) and morphine (1.5 mg/kg) and mechan- 
ically ventilated with O» in air. Arterial pressure was 
monitored, and ICP was recorded from a subarach- 
noid catheter placed over right parietal cortex via a 
small burr hole. In 5 dogs, an epidural balloon was 
placed over the left parietal area. In the 2 dogs without 
a balleon, multiple brief (2-10 min) infusions of 
various doses of SNP were given to rule out any 
cumulative effects on ICP response. In the other 5, the 
response to a 2 minute infusion of SNP, 10 ug/kg/ 
min was studied at a control ICP of 10.0 mmHg (+1.17 
SD), after ICP had been raised to 20 mmHg by slow 
(60 min) inflation of the balloon with saline, and again 
after an increase to 40 mmHg. Four dogs were also 
studied at 60 mmHg. 

RESULTS: At baseline ICP's of 10, 20, and 40 
mmHg, MAP fell 18.6 mmHg + 6.3 SD (124 + 11 to 
105 + 11). In control dogs, this was accompanied by 
a 7.1 + 2.1 mmHg rise in ICP (10.0 to 17.1- p< 
0.001). ICP was increased by 19.8 mmHg + 2.3 from 
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the 20 mm level (20.7 to 40.5 - p < 0.001), and by 
25.8 + 1.71 mmHg from the 40 mm level (p < 0.001). 
In each case the rise was abrupt and ICP returned to 
baseline within 4 min of halting SNP. 

In one dog, ICP rose from 40 to 80 mmHg, accom- 
panied by acute dilatation of the L pupil (1 mm to 7- 
8 mm diameter). ICP failed to return to baseline post- 
infusion and the pupil remained fixed and dilated? 
SNP given 30 min later produced an exaggerated 
hypotensive response compared with previous doses 
in this dog, and the ICP response was pressure-passive 
(|BP, JICP; TBP, TICP). In 2 dogs an identical picture 
appeared as ICP rose from 60 to 75 mmHg with rapid 
unilateral pupil dilation, persistent Tin ICP and de- 
velopment of a subsequent pressure-passive response. 
In the last 2 dogs, pupillary changes occurred during 
balloon inflation (40 to 60 mmHg) and infusion 
showed a pressure-passive response. 

CONCLUSIONS: The reduction of compliance by 
a mass lesion causes a magnified ICP response to 
SNP. At some critical point, the rise in ICP (and fall 
in BP) is clearly sufficient to produce acute, severe 
and potentially irreversible change. This observation 
supports previous concerns that drug-induced ICP 
increases in neuro-surgical patients may cause further 
neurologic damage. A fall in ICP after SNP was seen 
only with pre-existing evidence of major injury. 


Factors Influencing Enflurane Disposition in 
the Obese 

Vaughan RW, Miller MS, Gandolfi AJ, Bentley 
JB, and Paplanus SH—University of Arizona, 
Tucson, Arizona 


Our recent research has disclosed that morbidly 
obese patients anesthetized with enflurane produce 
higher concentrations of serum ionic fluoride than 
their non-obese counterparts.! The present study was 
designed: (1) to further characterize the disposition of 
enflurane in the obese and non-obese and (2) to 
examine certain factors that may account for the 
differences in enflurane disposition. 

METHODS: Twenty-five markedly obese (127.6 
+ 6.0 kg; 50 + 2, body mass index BMI) and eight 
non-obese (67.3 + 1.2 kg; 23 + 3, BMI) consenting 
adults undergoing intra-abdominal surgery were ad- 
ministered two hours of enflurane (1.9 + 0.2 MAC 
hr). Arterial enflurane levels were measured by gas 
chromatography prior, during, and up to 48 hours 
after anesthesia. Serum and urine F concentrations 
were measured by published techniques using the 
fluoride specific electrode. Liver biopsies performed 
on ten obese patients just prior to administration of 
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enflurane were examined histologically and analyzed 
for triglyceride content. The blood/gas partition coef- 
ficient for enflurane was determined with blood ob- 
tained prior to anesthesia from obese and non-obese 
patients. 

RESULTS: Arterial enflurane in the obese reached 
maximum concentrations (654 + 28 umoles) three 
times faster than with the non-obese subjects who 
attained maximum blood levels of 412 + 39 umoles 
80 minutes after initiation of anesthesia. In both 
groups the maximum rate of urinary fluoride excre- 
tion occurred 8 hours after the end of anesthesia, with 
the obese group having elevated, but not statistically 
different, rates of F excretion. No correlations be- 
tween F production and morphological indices 
(weight, BMI, body surface area) were noted. Fatty 
infiltration and elevated triglyceride levels in the livers 
of 75% of our obese patients were not related to the 
increased biotransformation of enflurane in the obese. 
Only the obese group had correlations between age 
and maximum fluoride concentration (r = 0.44) and 
excretion rate of the F (r = 0.79). The blood/gas 
partition coefficient for enflurane in the obese was 
found to be thirty percent lower than that in non- 
obese (1.42 + .02 vs 0.99 + .02, p < .001). 

DISCUSSION: These results demonstrate that 
obese persons absorb enflurane more rapidly and 
partition it into poorly perfused depots. This finding 
possibly relates to differences in blood/gas partition- 
ing and/or altered cardiovascular physiology of the 
markedly obese. Young et al.” have postulated that 
fatty liver infiltration may increase hepatic anesthetic 
uptake exposing more volatile inhalation anesthetic 
to the hepatic biotransformation enzymes, whereas 
our results do not support this premise. Finally, the 
correlation between F` production and age in the 
obese could relate to differences in fluoride deposition 
in the bone. 

Supported by a grant from Ohio Medical Products. 
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Fentanyl/Oxygen "Anesthesia" and Coronary 
Bypass Surgery 

Waller JL, Hug CC Jr, Nagle DM, and Craver 
JM—Emory University, Atlanta, Georgia 


Fentanyl (F) in doses of 50-60 pg/kg has been 


= 


ABSTRACTS 


reported to produce anesthesia with remarkable he- 
modynamic stability in patients with coronary artery 
disease.’ We have observed marked hemodynamic 
responses to noxious stimuli during aortocoronary 
bypass (ACB) surgery in patients so anesthetized. 
This study sought to evaluate hemodynamic changes 
and anesthetic conditions produced by F anesthesia 
in patients undergoing ACB. 

METHODS: Twelve patients with LV ejection 
fractions >0.4 undergoing elective ACB premedicated 
with diazepam 0.2 mg/kg p.o., scopolamine 0.3 mg/ 
70 kg and F 0.5-1 g/kg IM. All received propranolol 
until 12 hours before surgery. Cannulae to measure 
intravascular pressure, arterial blood gases and ther- 
modilution cardiac output were inserted. Measure- 
ments were made during 100% O» breathing at the 
following intervals: control, F 10 u/kg, F 50 ug/kg and 
pancuronium (P) 0.1 mg/kg, endotracheal intubation, 
skin incision, and sternotomy. Controlled ventilation 
maintained PaCO, at 35-45 torr. Succinylcholine in 
increments of 5-10 mg were given when chest rigidity 
impaired ventilation. Values represent the mean + 
SEM. 

RESULTS: F alone produced no significant hemo- 
dynamic changes. F and P in combination produced 
inverse changes in heart rate (HR) and stroke volume 
(SV). Significant increases in mean arterial pressure 
(AP) and systemic vascular resistance (SVR) following 
intubation, skin incision and sternotomy (Figure). All 
patients exhibited chest rigidity at a lower F dose (8 
+ 1 ug/kg) then that required to produce unrespon- 
siveness (10 + 2 g/kg). However, none subsequently 
recalled succinylcholine paralysis. 

DISCUSSION: F 50 ug/kg produced clinically un- 
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FiGURE. Hemodynamic changes in CAD patients anesthetized 
with fentanyl. Control values + SEM obtained while patients 
breathed 100% O; are shown. The changes are indicated as 
percent of these control values for each study interval. Other 
hemodynamic variables which did not change are not shown. 





important hemodynamic changes, but failed to block 
hemodynamic response to noxious stimulation. In- 
creases in HR, AP and SVR result in increased cardiac 
work, and could unfavorably affect myocardial oxy- 
gen balance. Truncal rigidity complicated anesthetic 
induction in all patients; use of succinylcholine prior 
to unconsciousness was required to avoid elevated 
PaCO; and consequent hemodynamic alterations. The 
anesthesiologist should be aware of these limitations 
in using this dose of F as an "anesthetic." 
This study was supported in part by NIH grant 
DA-00808. 
REFERENCE: 
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Hemodynamic Responses to Vascular 
Cannulation Before Coronary Bypass Surgery 
Waller JL, Zaidan JR, Kaplan JA, and 
Bozeman R—Emory University, Atlanta, 
Georgia 

Controversy surrounds the placement of hemody- 
namic monitors in patients with coronary artery dis- 
ease. Since pulmonary artery catheter (PAC) insertion 
can cause cardiovascular stimulation, some recom- 
mend its performance after anesthetic induction.’ 
Others argue that the time required for insertion 
limits widespread PAC application. We sought to 
determine if awake cannulation of coronary bypass 
patients was associated with deleterious cardiovascu- 
lar changes, and to measure PAC insertion time. 

METHODS: Twenty patients scheduled for coro- 
nary bypass were premedicated with nitroglycerin 
ointment, IM morphine and scopolamine, and oral 
diazepam. All received propranolol (118 + 10 mg/ 
day, mean + SEM) until 12 hours preoperatively. In 
the operating suite, each patient was monitored by an 
ECG and a blood pressure cuff, and control measure- 
ments were performed. After local anesthetic infiltra- 
tion, a radial arterial (RA) and two intravenous cath- 
eters were inserted. Heart rate (HR), systolic arterial 
pressure (SAP), rate-pressure product (RPP), patient 
discomfort and ECG changes were recorded one and 
two minutes after each cannulation. The same varia- 
bles plus elapsed time were recorded during PAC 
insertion at the following intervals: skin preparation, 
local infiltration, draping of the neck, internal jugular 
vein identification with a 22 ga. needle, introducer 
placement in the vein, PAC inserted 20 cm., and PAC 
in wedge position. 

RESULTS: No significant changes in HR, SAP or 


-= RPP occurred during vascular cannulation (Figure). 


ANESTHESIA AND ANALGESIA 
Vol 59, No 7, July 1980 


963 


ABSTRACTS 


12, 000 


10, 000 


8, 000 


RPP (HR x SAP) 


0 
Control IV 1 IV 2 RA PAC 


FicuRE. Maximum rate-pressure product response to vascular 
cannulation (mean + SEM). 


No patient experienced chest pain or ECG changes. 
PAC insertion time (skin preparation to wedge) was 
7.7 + 2.1 minutes. Seven patients had transient ven- 
tricular dysrhythmias during PAC insertion, but none 
required treatment. 

DISCUSSION: Profound cardiovascular changes 
can occur during anesthetic induction. Therefore, he- 
modynamic monitoring during this period is desira- 
ble. Our data demonstrate that monitoring cannulae 
can be inserted efficiently without causing hemody- 
namic disturbance. Adequate premedication, pro- 
pranolol maintenance until surgery, preoperative ni- 
troglycerin ointment, and cannulation by experienced 
personnel make awake cannulation safer. With these 
precautions it is both safe and prudent to insert 
monitoring cannulae before anesthetic induction. 


REFERENCE: 
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Antagonism of the Cardiovascular Depressant 
Effects of Protamine by Calcium 

Wassil VM, Hill GE, and Jacoby RM— 
University of Colorado, Denver, Colorado 


Protamine sulfate is routinely used to neutralize 
circulating heparin following cardiopulmonary by- 
pass (CPB). However, the myocardial depressant ef- 
fects of protamine have been documented (1). In 
contrast, the administration of calcium chloride in 
vitro and in healthy subjects has been shown to 
improve myocardial contractility, with a subsequent 
increase in cardiac index, and a reduction in the pre- 
ejection period and left ventricular ejection time. 
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The hemodynamic effects of protamine administra- 
tion following CPB were studied in 30 ASA class II, 
III males. The patients were randomly assigned to two 
equal groups. The cardiovascular parameters moni- 
tored using direct intra-arterial blood pressure and 
Swan-Ganz thermodilution catheter recordings were 
heart rate (HR), cardiac output (CO), pulmonary cap- 
illary wedge pressure (PCWP), mean pulmonary ar- 
tery pressure (PAD), mean arterial pressure (MAP), 
and right atrial pressure (RAP). Pulmonary vascular 
resistance (PVR), systemic vascular resistance (SVR), 
and stroke volume (SV) were calculated. Control val- 
ues were obtained following induction of anesthesia, 
but prior to skin incision, immediately before insti- 
tution of CPB, and following CPB. A ten-minute 
period was allowed post-CPB for return of cardiovas- 
cular parameters to +10% of pre-CPB control meas- 
urements. Group A received protamine only, 5 mg/ 
kg over five minutes, for neutralization of heparin, 
while Group B received protamine 5 mg/kg, plus 
calcium chloride 10 mg/kg over the same time inter- 
val. 

Protamine produced a significant decrease in SV, 
CO, and MAP. Significant increases in HR (p « 0.05, 
when compared to controls), occurred at 1, 3, and 5 
minutes during infusion and 5 minutes after infusion. 
Reduced PAP and PVR also occurred, and an increase 
in SVR was seen. No changes were observed in PCWP 
or RAP. Protamine with calcium produced no signif- 
icant changes from control in any parameter. When 
Group A was compared to Group B at similar time 
intervals, significant (p < 0.05) reductions were found 
in CO and MAP during and five minutes after prot- 
amine, while HR increased significantly five minutes 
following protamine. 

These data suggest that calcium prevents the re- 
duction of myocardial contractility produced by prot- 
amine sulfate; in the event that rapid administration 
of protamine is needed in the immediate post CPB 
period, it should be accompanied by calcium. 


REFERENCE: 
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Rate Pressure Product Correlates with 
Myocardial Oxygen Consumption during 
Anesthesia 
Wilkinson PL, Tyberg JV, and Moyers JR— 
University of California, San Francisco, San 
Francisco, California 


During exercise in man, heart rate and myocardial 
oxygen consumption (mVO;) increase, and the in- 
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crease in mVO» correlates with rate pressure product 
(RPP). We examined whether RPP correlates with 
mVO» during anesthesia and when mVO; is altered 
by changing systolic pressure and to a lesser extent 
heart rate. 

In six dogs we first measured mVO» and hemody- 
namic variables during morphine (4 mg/kg) and then 
during added halothane (1.5% end tidal) anesthesia. 
The dogs were paralyzed with succinylcholine infu- 
sions and ventilated. PO» was maintained above 100 
torr and PCO» 35-45 torr. Systolic pressure was al- 
tered during both anesthetic approaches with nitro- 
prusside or phenylephrine infusions. mVOz corre- 
lated best with RPP during either morphine anesthesia 
(r = 0.71) or added halothane (r = 0.84). Systolic 
pressure and left ventricular end-diastolic pressure 
also correlated with mVO» during both anesthetic 
states (see Table). While added halothane depressed 
the slope of the linear regression relating RPP and 
mVO» (p < 0.05), this depression was slight. mVO» 
was similar during both anesthetic states at a given 
RPP. Regression analysis showed that systolic pres- 
sure, and to a lesser degree heart rate, account for the 
major changes in mVOs during added halothane an- 
esthesia under the conditions of this experiment. 
Stepwise multiple regression showed that changes in 
left-ventricular end-diastolic pressure, while signifi- 
cant during morphine anesthesia, did not independ- 
ently add to the determination of mVO» during added 
halothane anesthesia. We conclude that mVO» cor- 
relates best with RPP during morphine anesthesia or 
added halothane anesthesia over a wide range of 
systolic pressures. 
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TABLE 


Measurements during Morphine Anesthesia and with 
Halothane Anesthesia Added 





Y Inter- 





cept Slope 

Morphine anesthesia (n = 28) 

mVO> vs. systolic pressure 0.41 227.6 0.68 

mVO» vs. heart rate 0.05 286.3 0.12 

mVO» vs. LVEDP 0.52 268.4 4.9 

mVO> vs. RPP 0.71 8.2 0.016 
Morphine + halothane anesthesia 

(n = 43) 

mVO. vs. systolic pressure 0.79 58.9 0.15 

mVO> vs. heart rate 0.05 188.2 025 

mVO» vs. LVEDP 0.73 120.6 5.18 

mVO> vs. RPP 0.84 42.1 0.021 





Mechanical Ventilation with a Non-rebreathing 
System to Produce Hypocarbia in Children 
Youngberg JA—Emory University, Atlanta, 
Georgia 


Special zed equipment for pediatric anesthesia may 
not be readily available and there is controversy over 
the fresh gas flows and minute ventilation necessary 
to produce normo- and hypocarbia."? This study was 
designed to demonstrate the use of the adult Air- 
Shields Ventimeter ventilator in pediatric patients and 
the fresh gas flow rate and minute ventilation neces- 
sary to produce hypocarbia (Figure). 

METHODS: This study was approved by the Hu- 
man Investigation Committee and informed consent 
was obtaned. Twelve pediatric patients aged 3-10 
years we e studied. All patients were pre-medicated 
with morohine .1 mg/kg and atropine .01-.02 mg/kg 
intramuseularly approximately 45 minutes prior to 
anesthesia. Anesthesia consisted of halothane and 
nitrous oxide in oxygen. Fresh gas inflow was set at 
100 cc/Ib and patients were ventilated at a rate of 15/ 
minute tc a peak pressure of 20 cm H2O utilizing an 
Air-Shields Ventimeter and a non-rebreathing system 
(T-piece) The LE ratio was set at 1:2. Arterial blood 
gas determinations were made at 30 and 60 minutes 
after initiating mechanical ventilation. Samples were 
stored or ice, analyzed on a Corning 175 blood gas 
analyzer and corrected for temperature. Minute ven- 
tilation was measured with a Wright's Respirometer 
at the endotracheal tube during both inspiration and 
expiration. 

RESULTS: In the 3-6 year old group (6 patients), 
this system produced a mean PaCO, of 27 torr with 
a range o 25-29 torr and a standard deviation of 1.55. 
The mintte ventilation to fresh gas flow ratio was 1.1: 
1. In the 7-10 year old group (6 patients) the mean 
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FIGURE. Ar-Shields Ventimeter ventilator in system designed to 
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was 25.33 torr, with a range of 25-26 torr and a 
standard deviation of .52. Minute ventilation to fresh 
gas flow was 1.05:1. 

CONCLUSION: This study demonstrates that the 
adult Air-Shields ventilator can be used effectively in 
children 3-10 years of age. Although the fresh gas 
flow utilized in this study was similar to that recom- 
mended by Rose’ and Nightingale” to produce hypo- 
carbia, the minute ventilation to fresh gas flow ratio 
was found to be only 1.1:1 rather than 2:1. 

NOTE: A diagram of the system is included and 
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an explanation of the set-up will be given during the 
presentation. We are presently evaluating the fresh 
gas flows and minute ventilation required to produce 
normocarbia. 
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Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 

4. Corporate Author 
American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 

5. Editor, Compiler, Chairman as Author 


Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 


6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 


ganisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 
National Center for Health Statistics. Acute conditions: incidence and 
associated disability, United States July 1968-June 1969. Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital and health statistics. 
Series 10: Data from the National Health Survey, no. 69) (DHEW 
publication no. (HSM)72-1036). 


Tables. Type each table on a separate sheet; remember to double 
space. Do not submit tables as photographs. Number tables con- 
secutively and supply a brief title for each. Give each column a 
short or abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
symbols in this sequence: *, T, t, 8, ||, T, #, **, tt... . Identify 
statistical measures of variation such as SD and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published’ may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such table for consideration with the manuscript. 

Illustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenograms, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12.7 by 17.3 cm (5 by 7 in) but 
no larger than 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and 
symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, ex- 
cept for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, send 
two positive color prints to assist editors in making recommenda- 
tions. Some journals publish illustrations in color only if the author 
pays for the extra cost. 

Legends for Illustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 

Abbreviations. Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, length, time, temperature, electric current, and luminous 
intensity. Do not synthesize new or unusual abbreviations. When 
many abbreviations are used, include all in a box of definitions at 
the start of the article. 
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I.A.R.S. EDUCATIONAL MEMBERSHIP 


SPONSORING ORGANIZATION: The International Anesthesia Research Society is a non-profit, scientific and 
educational corporation of the State of Ohio. It serves the Specialty in two ways: (1) By publication of a monthly 

journal entitled ''Anesthesia and Analgesia''; and (2) By sponsorship of an annual scientific (Congress ') meeting | 
in March of each year. The I.A.R.S. is independent of, and has no affiliation or membership-exchange arrangement A 
with any other anesthesia society or association: 


PURPOSE OF EDUCATIONAL MEMBERSHIP: To financially assist students in anesthesiology or anesthesia- 
related training programs by making available to them, during the effective term of their Educational Membership: 


(1) A one-half price subscription to ‘‘Anesthesia and Analgesia’ and 
(2) Complimentary registration at the annual scientific meeting. 


WHO IS ELIGIBLE FOR EDUCATIONAL MEMBERSHIP: 


| Residents and Fellows (Interns) enrolled in training programs in the medical, osteopathic or dental 
professions; 


Il Nurses with a diploma or degree in nursing who are enrolled in nurse anesthesia schools; 


Il] Students enrolled in programs leading to certification as Physician Assistants in Anesthesia / Anesthesiologist 
Assistants /Physician Associates in Anesthesiology; and 


Students enrolled in programs leading to certification as Respiratory Therapists or Technicians. 


MEMBERSHIP TERMS AND COSTS: There are two membership periods available. The applicable member- 
ship dues must be paid in full with the application (i.e., annual payments of $15 will not be accepted.) 


Two-Year Term—$30.00: Individuals applying for this period should have at least 18 months remaining in 
their training program at the time of application: 


Three-Year Term—$45.00: Individuals applying for this period should have at least 30 months remaining in 
their training program at the time of application. 


Note: The Educational Membership term should not extend more than six months following the ending of the 
training program covered. To that end, I.A.R.S. may, at its option, enter memberships retroactively to : 
conform. In such instances, back issues of the Journal will be sent so that all 2-year memberships include 
24 Journals, and all 3-year memberships include 36 Journals. 


CANCELLATION OF MEMBERSHIP: Educational Membership can be cancelled upon written request to the 
IARS, and return of membership card, if the member is no longer enrolled in the training program. Pro-rated 
refunds will be made at the discretion of the I.A.R.S. 


CONTINUATION OF MEMBERSHIP: After completion of the Educational Membership period, and upon pay- 
ment of membership dues then in effect, individuals in Category | will be automatically continued as Members; 
and individuals in Categories II and III will be automatically continued as Associate Members of the I.A.R.S. 


APPLICATION FORMS: The official application form (or facsimile thereof) must be used in applying for this 


membership, and payment must be submitted with the application. Application forms are available from the 
Cleveland business office, address above. 





IMV| Ventilator 


Intermittent Mandatory Ventilation 


Continuous-flow voluntary ventilation, with inter- 
mittent forced breaths, is an alternative to assisted or 
controlled respiration. It has been found especially 
valuable for infants and for use in “weaning” adults as 
they improve. 


Air fully humidified (and usually enriched with 
oxygen) flows continuously to a reservoir bag, and is 
available for unobstructed inspiration by the patient. 
A slight expiratory back-pressure (PEEP) may be 
added, to keep the lungs expanded. At intervals the 
ventilator delivers a “mandatory” breath, which sup- 
plements the patient's own breathing activity and 
increases minute volume. The machine does not 
have to "take over”. The patient maintains his own 
homeostasis, without interference from drugs or 
hyperventilation.’ 


At first the ventilator is generally set to supply man- 
datory breaths at a normal controlled rate. This con- 
trolled respiration is then gradually changed, by 
lengthening the interval between breaths (a second 
or two at a time) as the patient's condition improves. 
Eventualiy mandatory breaths are spaced so far apart 
that the patient scarcely relies on them at all — and 
“weaning” is completed.’ 


VERSUS ASSIST 


Triggering an assistor has often been a problem, particularly for infants, since their rates are rapid 
and their inspiratory impulses are slight. If synchronization is less than perfect, the patient inhales (at 
least part of the time) with no fresh gas available. Under such circumstances, blood levels of CO; 
rise, as noted by Kirby and associates.' 


VERSUS CONTROL 


For apneic patients, control is obviously needed. But to take over, when a patient is breathing 
spontaneously, drugs have to be used or the patient has to be hyperventilated. Either procedure has 
drawbacks. Paralytic or sedative agents may obscure signs of neurological or metabloic disorders. 
Lowered muscle tone may impair venous reiurn, and hence cardiac output. The effects of such drugs 
are particularly hard to predict in infants. 





Hyperventilation (often used to suppress spontaneous breathing efforts) has drawbacks, too. The 
resultant alkalosis reduces cerebral blood flow. Blood levels of calcium and magnesium are altered. 
Airway resistance increases and pulmonary compliance decreases with hypocarbia.? Finally, there is 
evidence of a shift in the carbon dioxide response curve, which makes weaning more difficult. 


All of these pit-falls can be avoided by using continuous-flow IMV. 


Please request Form 3-MV. 


J. H. EMERSON COMPANY 


CAMBRIDGE, MASSACHUSETTS 02140 





Todays First Choice 


Fihr one enflurane 


Anesthetists are now using 
Ethrane® (enflurane) more often 
than any other potent anesthetic. 


Their reasons? | 


e Stability of heart rhythm i: 
A noteworthy feature of anesthesia with Ethrane (enflurane) is stability of heart rhythm’. 
e Compatibility with epinephrine f = 
The compatibility of Ethrane (enflurane) with epinephrine used for hemostasis is such that up to mi. "Ge 
of 1:100,000 or 1:200,000 epinephrine solution may be injected subcutaneously over a 10 mina. E > wl 








me 
















period. Up to 30 ml of epinephrine solution may be administered over the period of an hour. 
e Minimal or no liver changes =. i 

Ethrane (enflurane) has produced either no change or small, transient increases in liver enzymes. i 

Repeated enflurane anesthesias also have not significantly altered these values?*. : 
e Minute-by-minute control T 

With a blood/gas partition coefficient of only 1.9, Ethrane (enflurane) provides for a rapid induction 

and for rapid changes in depth to meet varying needs of surgery and patient management. 
e Potentiation of nondepolarizing relaxants EY RUN 

Clinical use suggests that 4 to % the usual dose of nondepolarizing relaxant Pri on when | o 



















anesthesia is obtained with enflurane’. This potentiating effect helps reduce the 
recurring postanesthetic paralysis. iesu. C BR 

e Rapid recovery; minimal anesthetic after-effect $ 
Because of enflurane's low solubility in blood, patients emerge from anesth 
or no depression of mental function or residual symptomatic effect. 


eit 
Le 


_ Dobkin AB, Nishioka K, Gengaje DB, et al: Ethrane (compound 347) anesthesia: a clinical and laboratory T 
700 cases. Anesth Analg 48:477-493, 1969. l ES 
Botty C, Brown B, Stanley V, et al: Clinical experiences with compound 347, a halogenated anesthetic agent. 
Analg 47:499-505, 1968. | SER 
Lebowitz MH, Blitt CD, Dillon JB: Clinical investigation of compound 347 (Ethrane). Anesth Anaig 49.1- 
Linde HW, Lamb VE, Quimby CW, et al: The search for better anesthetic agents: Clinical inve 
Anesthesiology 32:555-559, 1970. ; bs 
Virtue RW, Lund LO, Phelps JR, et al: Difluormethy! 1,1 ,2-trifluoro-2-chloroethy! ether as an anesthe 
with dogs and a preliminary note on observations with man. Canad Anaesth Soc J 13:233-241, 1966. 
. Allen PJ, Downing JW: A prospective study of hepatocellular function after repeated exposure to halothane c 
enflurane in women undergoing radium therapy for cervical cancer. Brit J. Anaesth 491000 e ISE - 
. Hanquet M: Enflurane (Ethrane) anesthesia. A survey ofthe first 1000 cases. Acta Anaesthesiol Belg -299 
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Fthr one (enflurane ) 


CAUTION: Federal Law Prohibits Dispensing without Prescription. 


DESCRIPTION 
ETHRANE (enflurane) is a nonflammable inhalation anesthetic 
agent. It is 2-chloro-1,1,2-trifluoroethyl difluoromethy! ether, mole- 
cular weight 184.5, and its structural formula is: 


CIF F 
| | | 
HA C-D-C-H 
FF F 


The boiling point is 56.5?C at 760 mm Hg, and the vapor pres- 
sure (mm Hg) is 175 at 20°C, 218 at 25°C, and 345 at 36°C. Vapor 
pressures can be calculated using the equation: 

logioP =A +B/T A-— 7.967 
B-—-—16784 
T =°C +273.16 (Kelvin) 

The specific gravity (25°/25°C) is 1.517. The refractive index 
at 20" is 1.3026-1.3030. The blood/gas coefficient is 1.91 at 37°C 
and the oil/gas coefficient is 98.5 at 37°C. The MAC. (minimum 
alveolar concentration) in man is 1.68 percent in pure oxygen, 
0.57 in 70% nitrous oxide and oxygen, and 1.17 in 30% nitrous 
oxide and oxygen. 

ETHRANE is a clear, colorless, stable liquid whose purity ex- 
ceeds 99.9 percent (area % by gas chromatography). No chemical 
stabilizers are added as these have been found, through controlled 
laboratory tests, to be unnecessary to maintain stability even in 
the presence of ultraviolet light. ETHRANE is stable to strong 
base and does not decompose in contact with soda lime and does 
not attack aluminum, tin, brass. iron or copper. The partition co- 
efficients of ETHRANE at 25?C are 74 in conductive rubber and 
120 in polyvinyl chloride. 


ACTIONS 

ETHRANE (enflurane) is an inhalation anesthetic Induction and 
recovery from anesthesia with ETHRANE are rapid. ETHRANE 
has a mild, sweet odor. There is mild stimulus to salivation or 
tracheobronchial secretions when ETHRANE ıs used alone 
Pharyngeal and laryngeal reflexes are readily obtunded. The level 
of anesthesia changes rapidly with ETHRANE. ETHRANE re- 
duces ventilation as depth of anesthesia increases. High pCO2 
levels can be obtained at deeper levels of anesthesia if ventilation 
is not supported. ETHRANE provokes a sigh response reminiscent 
of that seen with diethyl ether. 

There is a decrease in blood pressure with induction of anes- 
thesia, followed by a return to near normal with surgical stimula- 
tion. Progressive increases in depth of anesthesia produce 
corresponding increases in hypotension. Heart rate remains 
relatively constant without significant bradycardia. Electrocardio- 
graphic monitoring or recordings indicate that cardiac rhythm 
remains stable. Elevation of the carbon dioxide level in arterial 
blood does not alter cardiac rhythm. 

Studies in man indicate a considerable margin of safety in the 
administration of epinephrine containing solutions during 
ETHRANE anesthesia. ETHRANE anesthesia has been used in 
excision of pheochromocytoma in man without ventricular 
arrhythmias. On the basis of studies in patients anesthetized with 
ETHRANE and injected with epinephrine containing solutions to 
achieve hemostasis, up to 10 ml of 1:100,000 or 1:200,000 epine- 
phrine containing solution may be injected subcutaneously at a 
rate of not more than 10 ml per minute and no more than 30 ml per 
hour. All customary precautions in the use of vasoconstrictor 
substances should be observed. 

Muscle relaxation may be adequate for intra-abdominal opera- 
tion at normal levels of anesthesia. Muscle relaxants may be used 
to achieve greater relaxation and all commonly used muscle re- 
laxants are compatible with ETHRANE. THE NONDEPOLARIZ- 
ING MUSCLE RELAXANTS ARE POTENTIATED. In the normal 
70 kg adult, 6 to 9 mg of d-tubocurarine or 1 to 15 mg of pan- 
curonium will produce a 90 percent or greater depression of twitch 
height. Neostigmine does not reverse the direct effect of 
ETHRANE. 

Biotransformation of ETHRANE in man results in low levels of 
serum fluoride ions averaging 15 mM/L. These levels are well 
below the 50 mM/L threshold level which can produce minimal 
renal damage in normal subjects; however, it is possible that these 
levels could result in damage in patients with severely impaired 
renal function or those undergoing renal transplantation. Depres- 
sion of lymphocyte transformation does not follow prolonged 
ETHRANE anesthesia in man in the absence of surgery. Thus 
ETHRANE does not depress this aspect of the immune response. 


y INDICATIONS 

ETHRANE (enflurane) may be used for induction and maintenance 
of general anesthesia. Adequate data have not been developed 
to establish its application in obstetrical anesthesia. 


CONTRAINDICATIONS 
Seizure disorders (see WARNINGS). 
Known sensitivity to ETHRANE (enflurane) or other halogenated 


anesthetics. 

l WARNINGS 
Increasing depth of anesthesia with ETHRANE (enflurane) may 
produce a change in the electroencephalogram characterized by 


high voltage, fast frequency, progressing through spike-dome 
complexes alternating with periods of electrical silence to frank 
seizure activity. The latter may or may not be associated with motor 
movement. Motor activity, when encountered, generally consists 
of twitching or “jerks” of various muscle groups; it is self-limiting 
and can be terminated by lowering the anesthetic concentration. 
This electroencephalographic pattern associated with deep anes- 
thesia is exacerbated by low arterial carbon dioxide tension. A 
reduction in ventilation and anesthetic concentration usually 
suffices to eliminate seizure activity. Cerebral blood flow and 
metabolism studies in normal volunteers immediately following 
seizure activity show no evidence of cerebral hypoxia. Mental 
function testing does not reveal any impairment of performance 
following prolonged ETHRANE anesthesia associated with or not 
associated with seizure activity. 

Since levels of anesthesia may be altered easily and rapidly, 

only calibrated vaporizers which measure output with reasonable 
accuracy should be used. Hypotension and respiratory exchange 
can serve as a guide to anesthesia depth. Deep levels of anesthesia 
may produce marked hypotension and respiratory depression. 
_ The action of nondepolarizing relaxants is augmented by 
ETHRANE. Less than the usual amounts of these drugs should be 
used. If the usual amounts of nondepolarizing relaxants are given, 
the time for recovery from myoneural blockade will be longer in 
the presence of ETHRANE than for other commonly used 
anesthetics. 

Usage in Pregnancy: Safety in pregnancy has not been estab- 
lished. Reproduction studies have been performed in rats and 
rabbits, and there is no evidence of harm to the animal fetus. The 
relevance of these studies to the human is not known. Since there 
is No adequate experience in pregnant women who have received 
the drug, safety in pregnancy has not been established. 


PRECAUTIONS 

Bromsulfalein (BSP) retention is mildly elevated postoperatively 
in some cases. This may relate to the effect of surgery since pro- 
longed anesthesia (5 to 7 hours) in human volunteers does not 
result in BSP elevation. There is some elevation of glucose and 
white blood count intraoperatively Glucose elevation should be 
considered in diabetic patients. ETHRANE (enflurane) should be 
used with caution in patients who by virtue of medical or drug 
history could be considered more susceptible to cortical stimula- 
tion produced by this drug. As with other general anesthetics and 
some muscle relaxants. hyperpyrexia has been observed with 
the use of ETHRANE 


ADVERSE REACTIONS 
1. Motor activity exemplified by movements of various muscle 
roups and/or seizures may be encountered with deep levels of 
THRANE (enflurane) anesthesia, or light levels with hypocapnia 
2 Hypotension and respiratory depression have been reported 
3. Arrhythmias, shivering, nausea, and vomiting have been 
reported 
4. Elevation of the white blood count has been observed 


DOSAGE AND ADMINISTRATION 
The concentration of ETHRANE (enflurane) being delivered dur- 
ing anesthesia from a vaporizer should be known This may be 
accomplished by using: i 

a) vaporizers calibrated specifically tor ETHRANE. 

b) vaporizers from which delivered flows can easily and readily 

be calculated. 

Nothing is present in the agent to alter calibration or affect the 
operation characteristics of the vaporizer. 

Preanesthetic Medication: Preanesthetic medication should be 
selected according to the need of the individual patient, taking 
into account that secretions are weakly stimulated by ETHRANE 
and the heart rate remains constant. The use of anticholinergic 
drugs is a matter of choice. i 

Induction: Induction may be achieved using ETHRANE alone 
with oxygen or in combination with oxygen-nitrous oxide mixtures. 
Under these conditions some excitement may be encountered. If 
excitement is to be avoided, a hypnotic dose of a short-acting bar- 
biturate should be used to induce unconsciousness, followed by 
the ETHRANE mixture. In general, inspired concentrations of 
3.5-4.5% ETHRANE produce surgical anesthesia in 7-10 minutes. 

Maintenance: Surgical levels of anesthesia may be obtained 
with 1.5-3% ETHRANE. Maintenance concentrations should not 
exceed 3%. If added relaxation is required, supplemental doses 
of muscle relaxants may be used. Ventilation to maintain the ten- 
sion of carbon dioxide in arterial blood in the 35-45 mm Hg range 
is preferred Hyperventilation should be avoided in order to 
minimize possible CNS excitation. 

The level of blood pressure during maintenance is an inverse 
function of ETHRANE concentration in the absence of other com- 
plicating problems. Excessive decreases (unless related to hypo- 
volemia) may be due to depth of anesthesia and in such instances 
should te corrected by lightening the level of anesthesia. 

Overdosage: In the event of overdosage, or what may appear 
to be overdosage, the following action should be taken: 

Stop drug administration; establish that the airway is clear and 

initiate assisted or controlled ventilation with pure oxygen as 

circumstances dictate. 


PACKAGING 
ETHRANE (enflurane) is packaged in 125 and 250 ml amber 
colored bottles. 


ORIO Medical Products 


Division of Airco Inc. 
P.O. Box 7550, 3030 Airco Drive, Madison, Wis. 53707 


ARCO" 


Remove the Block Yourself 


Reverse with 
| REGONOL pyridostigmine bromide 





Regonol rapidly restores full neuromuscular transmission. p 





bradycardia than neostigmine. 


Brief Summary (Please consult full package insert, enclosed in every 
package, before using Regonol). 


INDICATIONS—Regono! (pyridostigmine bromide) is useful as a reversal 
agent or antagonist to nondepolarizing muscle relaxants. 


CONTRAINDICATIONS—Known hypersensitivity to anticholinesterase 
agents; intestinal and urinary obstructions of mechanical type. 


WARNINGS—Use with particular caution in patients with bronchial asthma or 
Cardiac dysrhythmias. Transient bradycardia may occur and be relieved by 
atropine sulfate. Atropine should also be used with caution in patients with 
cardiac dysrhythmias. Because of the possibility of hypersensitivity in an 
occasional patient, atropine and antishock medication should always be 
readily available. 


Usage in Pregnancy—The safety of pyridostigmine bromide during preg- 
nancy or lactation in humans has not been established. Therefore its use in 
women who are pregnant requires weighing the drug's potential benefits 
against its possible hazards to mother and child. 


ADVERSE REACTIONS-Side effects are most commonly related to over- 
dosage and generally are of two varieties. muscarinic and nicotinic. Among 
the former group are nausea. vomiting, diarrhea, abdominal cramps, 
Increased peristalsis, increased salivation. increased bronchial secretions. 
miosis and diaphoresis. Nicotinic side effects are comprised chiefly of muscle 
cramps, fasciculation and weakness. Muscarinic side effects can usually be 
counteracted by atropine. As with any compound containing the bromide 


It produces fewer oropharyngeal secretions and less 


radical, a skin rash may be seen in an occasional patient. Such reactions 
usually subside promptly upon discontinuance of the medication. Throm- 
bophlebitis has been reported subsequent to intravenous administration. 


DOSAGE AND ADMINISTRATION—Prior or simultaneous administration of 
atropine sulfate (0.6 to 1.2 mg; IV.) is recommended to minimize the side 
effects (excessive secretions, bradycardia). Usually 10 or 20 mg of pyridos- 
tigmine bromide will be sufficient for antagonism of the effects of the 
nondepolarizing muscle relaxants. Although full recovery may occur within 
15 minutes in most patients, others may require a half hour or more. 
Satisfactory reversal can be evident by adequate voluntary respiration, 
respiratory measurements and use of a peripheral nerve stimulator device. It 
Is recommended that the patient be well ventilated and a patent airway 
maintained until complete recovery of normal respiration is assured. Once 
satisfactoryreversal has been attained, recurarization has not been reported. 

Failure of pyridostigmine bromide to provide prompt (within 30 minutes) 
reversal may occur, e.g. in the presence of extreme debilitation, carcinoma- 
tosis, or with concomitant use of certain broad spectrum antibiotics or 
anesthetic agents, notably ether. 


CAUTION—Federal law prohibits dispensing without a prescription. 


HOW SUPPLIED —Regonolis available in: 2 ml ampuls—5 mg/ml boxes of 10. 
NDC =0052-0460-10 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


Organon 
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the shift is to Stado 


(butorphanol tartrate) 





in surgery 


E proven analgesic efficacy—as a pre- and 
postoperative agent ...for patients in labor... 
as the analgesic component of balanced 
anesthesia 


E fast acting—onset of action within 10 minutes 
IM, very rapidly IV; peak analgesic activity 
within 30-60 minutes IM, more rapidly IV 


E limited respiratory depressant potential— 
2 mg of Stadol produces a degree of respira- 
tory depression similar to that of 10 mg of 
morphine or 70 mg of meperidine—unlike 
these agents, doubling the Stadol dose to 4 mg 
does not appreciably increase the magnitude 
of respiratory depression 


W favorable side effect profile—lov physical 
dependence liability, little nausea or vomiting, 
infrequent constipation 


m few CNS effects other than sedation—the 
reported incidence of euphoria and hallucina- 
tions is less than 1% 


E nonscheduled—not subject to regulations 
under the Federal Controlled Substances Act 


"> (butorphanol tartrate) 


proven performance in the relief 
of moderate to severe pain 


Bristol Laboratories 
BRISTOL” Pivi ON D tol-Myers Corn 
"TTE ERE New York 13201 


Please see brief summary of rescribing information on the following pat 


yyrich! 





Brief Summary of Prescribing Information 
STADOL® (butorphanol tartrate) 


For complete information, consult Official Package Circular. 

(2) 12/10/79 
INDICATIONS AND USAGE—Stadol is recommended for the relief of moderate to severe 
pain. Stado! can also be used for preoperative or preanesthetic medication, as a 
supplement to balanced anesthesia, and for the relief of prepartum pain. 
CONTRAINDICATIONS—Stadol should not be administered to patients who have been 
shown to be hypersensitive to it. 


WARNINGS— Patients Physically Dependent on Narcotics: Because of its antagonist 
properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 
Due to the difficulty in assessing addiction in patients who have recently received 
substantial amounts of narcotic medication, caution should be used in the 
administration of Stadol. Detoxification of such patients prior to usage should be 
carefully considered. 
Drug Dependence: à ri care should be exercised in administering Stadol to 
emotionally unstable patients and to those with a history of drug misuse. When 
long-term therapy is contemplated, such patients should be closely supervised. 
Even though Stadol has a low physical dependence liability, care should be taken 
that individuals who may be prone to drug abuse are closely supervised. It is 
important to avoid increases in dose and frequency of injections by the patient and 
to prevent the use of the drug in anticipation of pain rather than for the relief of pain. 
Head Injury and Increased Intracranial Pressure: Although there is no clinical experience 
in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in 
cases of head injury can produce effects (e.g., miosis) which may obscure the 
clinical course of patients with head injuries. In such patients Stadol must be used 
with extreme caution and only if its use is deemed essential. 
Cardiovascular Effects: Because Stadol increases the work of the heart, opaca y the 
pulmonary circuit, the use of this drug in acute myocardial infarction or in cardiac 
patients with ventricular dysfunction or coronary insufficiency should be limited to 
those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS— Certain Respiratory Conditions: Because Stadol causes some respiratory 
depression, it should be administered only with caution and low dosage to patients 
with respiratory depression (e.g., from other medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 
Impaired Renal or Hepatic Function: Although laboratory tests have not indicated that 
Stadol causes or increases renal or hepatic impairment, the drug should be 
administered with caution to patients with such impairment. Extensive liver disease 
may predispose to greater side effects and greater activity from the usual clinical 
dose, possibly the result of decreased metabolism of the drug by the liver. 
Biliary Surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 
Usage as a Preoperative or Preanesthetic Medication: Slight increases in systolic blood 
pressure may occur, therefore caution should be employed when Stadol is used in 
the hypertensive patient. 
Usage in Balanced Anesthesia: The use of pancuronium in combination with Stadol may 
cause an increase in conjunctival changes. 
Usage in Pregnancy: The safety of Stadol for use in pregnancy prior to the labor period 
has not been established; therefore, this drug should be used in pregnant patients 
only when in the judgment of the physician its use is deemed essential to the welfare 
of the patient. 
Reproduction studies have been performed in rats, mice and rabbits and have 
revealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 
2.5to 5 times the human dose. 
Usage in Labor and Delivery: Safety to the mother and fetus following administration of 
Stadol during labor has been established. Patients receiving Stadol during labor 
have experienced no adverse effects other than those observed with commonly used 
analgesics. Stadol should be used with caution in women delivering premature 
infants. 
Usage in Nursing Mothers: The use of Stadol in lactating mothers who are nursing their 
infants is not recommended since it is not known whether this drug is excreted in 
human milk. Stadol has been used safely for labor pain in mothers who sub- 
sequently nursed their infants. 
Usage in Children: Safety and efficacy in children below age 18 years have not been 
established. 
ADVERSE REACTIONS—The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy /sweating (76, 6%) 
Less frequent reactions are: headache (35, 3%), — (33, 3%), floating feeling (33, 
3%), dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness (12, 1%). 
Other adverse reactions which may occur (reported incidence of less than 1%) are 
CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
Eye diplopia or blurred vision 
OVERDOSAGE— Manifestations: Although there have been no experiences of over- 
dosage with Stadol — clinical trials, this may occur due to accidental or 
intentional misuse as well as therapeutic use. Based on the pharmacology of Stadol, 
overdosage could produce some degree of respiratory depression and variable 
cardiovascular and central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated 
constantly and appropriate supportive measures instituted, such as oxygen, intra- 
venous fluids, vasopressors and assisted or controlled respiration. 
HOW SUPPLIED—Stado! (butorphanol tartrate) Injection for I.M. orl.V. use, is available 
as follows: 

NDC 0015-5644-20—2 mg per mi, 2-ml vial 

NDC 0015-5645-20— 1 mg per mi, 1-ml vial 

NDC 0015-5646-20—2 mg per mi, 1-ml vial 

NDC 0015-5646-23—2 mg per ml, 1-ml Disposable Syringe 

NDC 0015-5648-20—2 mg per ml, 10-ml multi-dose vial 


TM Bristol Laboratories 
BRISTOL Division of Bristol-Myers Company 


Syracuse, New York 13201 
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Some 

doors are 
meant to 
be open... 


Project HOPE is opening 
doors to children like these 
throughout the world. Since 
1960 HOPE has sent teams 

of physicians, dentists, 
nurses and allied health 
personnel to share with 
developing nations their 
medical skills and 
knowledge. 
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International Anesthesia Research Society 


3645 Warrensville Center Rd. 
Cieveland, Ohio 44122 


Please send me the publications circled above, or listed hereunder: 
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enclosed. 
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Cleveland Clinic Foundation 
CCF Division of Anesthesia 
Department of Cardio-Thoracic 
Anesthesia 
Candidates are invited for Staff and Associate 
Staff positions in the Department of Cardio- 
Thoracic Anesthesia due to the addition of new 
operating room suites. Responsibilities include 
anesthesia for over 4,000 open heart and pul- 
monary surgical procedures per year in nine 
new, most modernly equipped operating rooms. 
The department is committed to teaching and 
training of residents and fellows. For interested 
candidates, the responsibilities include postop- 
erative and intensive care. 
Candidates with previous experience or training 
in cardiothoracic anesthesia are encouraged to 
apply. The department provides excellent op- 
portunity, time and facilities for clinical re- 
search. 
Excellent salaries, fringe benefits and pension 
plan. For further information call, (216)444-2595. 
Apply with curriculum vitae to: 
F. G. Estafanous, M.D. 
Chairman, Department Cardio-Thoracic An- 
esthesia 
Cleveland Clinic Foundation 
9500 Euclid Avenue Cleveland, OH 44106 


The Cleveland Clinic is an equal opportunity emplover 











PEDIATRIC ANESTHESIA 


Approved third-year residency in the Nation's 
Capital. Clinical and didactic experience in 
anesthesia and intensive care medicine accord- 
ing to individual's preference. Applications are 
now being considered for July 1981. 


Contact: 


Raafat S. Hannallah, M.D. 

Director of Residency Training 

Department of Anesthesiology 

The Children's Hospital National Medical 
Center 

111 Michigan Avenue, N.W. 

Washington, D.C. 20010 


(202) 745-2025 
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DIRECTOR 
ANESTHESIOLOGY 


A NYC Medical School-affiliated hospital seeks 
Board Certified candidates eligible for medical 
school faculty appointment. Compensation in- 
cludes excellent fringe benefits package. 


Send c.v. to: 


Mr. S. Husney, Personnel Director, 


JOINT DISEASES 
NORTH GENERAL 
HOSPITAL 


1919 Madison Ave., NYC 10035 


An Equal Opportunity Employer M/F 


LA.R.S. 1979 
REVIEW COURSES 


Booklet containing 14 Review 
Course Lectures given at 53rd 
Congress in March of 1979 is 
available from I.A.R.S. 
Cleveland business office at 
$5.00 per copy. Supply is 
limited and orders will be 
filled on basis of receipt date 
of order. Make checks 
payable to International 
Anesthesia Research Society 
and send with order. 





PEDIATRIC 
CLEVELAND CLINIC AN ESTHESIA 


Department of Cardio-Thoracic Anesthesia | APPROVED POST GRADUATE 
YEAR 4 RESIDENCY 


at 








Positions available for "Clinical Fellow" at the Cleveland 
Clinic Foundation, Department of Cardio-Thoracic An- 
esthesia in July, 1980, January, 1981 and July, 1981. 


The positions are for dedicated anesthesiologists who | CHILDREN’S HOSPITAL OF AKRON 


have finished residency and desire advanced training in 
all aspects of anesthesia and monitoring for cardiac and AKRON, OHIO 
thoracic surgery and cardiac intensive care. The patient 
population is large in number and in the variety of 
pathology presented. Research facilities available for 





Clinical, Investigative, Cardiology, 





interested candidates. The appointments are for one year | N 

| | ih | eonatol nd Resp 
or more. Attractive starting salaries commensurate with ogy, a esp ratory 
previous training. Interviews will be arranged at our Therapy. 


expense. We are an equal opportunity employer. 
Please send curriculum vitae and reference sources to: 


Direct inquires to: 








Department of 
Cardio-Thoracic Anesthesia | D. S. Nelson, M.D. 
Cleveland Clinic Foundation hildren’ . 
S665 Euclid divenne Children's Hospital of Akron 
Cleveland, Ohio 44106 281 Locust Street 


Akron, Ohio 44308 
Phone: 216-379-8200 


For further information, call (216)-444-2779 














LA.R.S. 1980 
REVIEW COURSE LECTURES 


AND 
ABSTRACTS OF SCIENTIFIC PAPERS 


200-page booklet including 16 Review Course Lectures and Abstracts of 62 scientific papers 
given at the IARS 54th Congress, March 10-13, 1980. Copies available now from IARS Cleveland 
office - $5.00 per copy. 


LAR.S. 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Enclosed is check for $ for 


copy(ies) of “1980 Review Course Lectures” to be sent to: 








ŘS 


(name) 


————— MM nr 
(Mail address) 


S 
(City-state-zip) 
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SOUTH TEXAS ANESTHESIOLOGIST: 


Seeks associate who would like to semi- 
retire. Small hospital with modern equip- 
ment and good CME Program. Few emer- 
gencies. Practice is located in lower Rio 
Grande Valley. Climate is similar to that 
of Miami Beach. South Padre Island is 
approximately forty-five minute drive 
from the hospital. Minimal malpractice 
premiums and no state income tax. For 
further details, write to Box 6-80-A, % 
IARS. 
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MISSOURI 


Anesthesiologist wanted to join private 
group practice. 400-bed hospital with all 
specialties except open heart; little OB. 
Town of 100,000 with good schools, close 
airport, and good recreation. Excellent 
starting income, fringes, and potential. Re- 
ply to Box 7-79-A, c/o LA.R.S. 
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FLORIDA: 


Position available for Anesthesiologist to 
direct Department of Anesthesia which 
consists of 5 Anesthesiologists and 6 
CRNAs in a 350-bed rapidly expanding 
hospital which is the Regional Center for 
Neo-natology, complicated obstetrics and 
progressing toward doing open-heart pro- 
cedures in the future. Candidate must be 
board certified with wide experience in the 
above fields. Please forward applications 
with Curriculum Vitae to: 301 Broadway, 
Suite 116, Riviera Beach, Florida 33404. 


ANESTHESIOLOGIST WANTED: 

To join 135 physician, multi-specialty 
group with an adjacent 430-bed hospital. 
New Clinic building recently completed. 
Gunderson Clinic, Ltd., is in a progressive 
community with expanding university and 
private college. Population 50,000. Cul- 
tural and recreational facilities. Beautiful 
setting; good schools. Excellent pension 
program, no investment required. Service 
organization. Write: J. Michael Hartigan, 
M.D., Chairman, Personnel Committee, 
Gunderson Clinic, Ltd., 1836 South Ave- 
nue, La Crosse, WI 54601. 
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ADVERTISING 
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OBSTETRIC ANESTHESIA FELLOW- 
SHIPS OR SPECIALTY TRAINING: 


Currently available. Approved 1 year pro- 
gram. High Risk Perinatal Center. New 
Hospital. Clinical and laboratory (animal) 
research stressed. Includes teaching and 
clinical experience (exclusively obstetric 
anesthesia and perinatal care). Walter U. 
Brown, Jr., M.D., Director of Obstetric 
Anesthesia, Vanderbilt University Medical 
Center, 1161 21st Avenue, South, Nash- 
ville, Tennessee 37232. 


OHIO ANESTHESIOLOGIST— 


Position presently available in group com- 
prising M.D.'s and CRNA's in 500 bed 
hospital with all specialities except open 
heart. Call or send curriculum to John 
Biggins, M.D., Dept. of Anesthesia, Trum- 
bull Memorial Hospital, Warren, Ohio 
44483. (216) 841-9230. 
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OHIO— 


[Immediate opening for trained Anesthe- 
siologist, Board eligible, for position as 
Clinical Research Fellow. Salary range 18- 
20K negotiable, excellent benefits. Appli- 
cants send curriculum vitae to Cleveland 
Metropolitan General Hospital, Personnel 
Dept. (AA), 3395 Scranton Road, Cleve- 
land, Ohio 44109. We are an equal oppor- 
tunity employer. 
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CRITICAL CARE FELLOWSHIP: 


One year fellowship in critical care for 
physicians who are board eligible in med- 
icine or anesthesia. Rotation offered in 
anesthesia, hyperbaric medicine, infec- 
tious disease, trauma resuscitation/anes- 
thesia, psychiatry, and computer applica- 
tions. Competitive salary, opportunities 
for basic and clinical research available. 
Send curriculum vitae to Peter Chodoff, 
M.D., M.P.H., Chief, Critical Care/Anes- 
thesia, Maryland Institute for Emergency 
Medical Services Systems, 22 S. Greene 
St., Baltimore, Md. 21201. 
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PEDIATRIC ANESTHESIOLOGY RESI- 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available trom 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B. Lewis, Jr., MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 


ANESTHESIOLOGIST 


Needed Now! Boards—Group Practice— 
Fee/Service Full time—Phoenix, Arizona 
Area. Please send CV to Box 2-80-A, c/o 
[ARS. 
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MOUNT SINAI SCHOOL OF MEDICINE 
OF C.U.N.Y.— 


Director of Obstetrical Anesthesia— Ap- 
plications are invited from suitably expe- 
rienced Anesthesiologists for new ap- 
pointment as Director of Obstetrical An- 
esthesia with the faculty rank of Associate 
Professor or Professor. Duties will include 
supervision of obstetrical anesthesia, 
teaching of medical students in the De- 
partments of Obstetrics and Anesthesiol- 
ogy and instruction of Residents in Anes- 
thesiology. Appointees will be permitted 
private practice under the aegis of the 
Medical Center's Professional Service Plan 
and will be eligible for fringe benefits 
according to rank. Candidate must possess 
Diploma of American Board of Anesthe- 
siology or its equivalent, have had expe- 
rience in teaching. Research experience is 
desirable. Submit applications to: David 
C. C. Stark, M.D., Professor and Chair- 
man, Department of Anesthesiology, The 
Mount Sinai Medical Center, One Gustave 
L. Levy Place, New York, N. Y. 10029, An 
Equal Opportunity/Affirmative Action 
Employer M/F. 





OBSTETRICAL ANESTHESIA— 


Fellowship in Obstetrical Anesthesia, The 
University of Texas Health Science Center 
at San Antonio, San Antonio, Texas 
(UTHSCSA). Opportunity for one-year 
specialty training in high-risk Obstetrical 
Unit with approximately 6,500 deliveries 
per year. Active clinical research program, 
as well as chronic maternal-fetal sheep 
experimentation. Faculty position, Reply 
to: Robert Hodgkinson, M.D., Department 
of Anesthesiology, The University of 
Texas Health Science Center at San An- 
tonio, 7703 Floyd Curl Drive, San Antonio, 
Texas 78284. (An Equal Opportunity/Af- 
firmative Action Employer). 


DON’T CONTACT US— 

If you enjoy a big city and driving 45 
minutes to work. We don’t have an ocean 
out the back door either. We do have oil, 
rolling wheat land, personalized public 
schools, music, hunting, and some fishing. 
Our surgeons would like an anesthesiol- 
ogist to complement a good anesthetist 
team. Very clean, progressive community 
of 55,000 in Northern Oklahoma. Finan- 
cial arrangements open for discussion. W. 
E. Baxter, Dr. P.H., Adm, Bass Memorial 
Baptist Hospital, P. O. Box 3168, Enid, 
Oklahoma 73701, (405) 233-2300. 


DIRECTOR OF OBSTETRIC ANESTHE- 
SIOLOGY— 


Wishes to relocate after August Ist. Board 
Certified. Ten years experience. Associate 
professor level. Will start new unit or di- 
rect existing one. Significant teaching must 
be involved. Reply to Box 7-80-A, c/o 
IARS. 
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ANESTHESIOLOGIST — 

Board qualified. No O.B. Little night call. 
Very deep South. Water and all sports. 
Semi-rural. Near big cities. $1,000,000 po- 
tential. Partnership. Reply to Box 7-80-B, 
c/o IARS. 
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ANESTHESIOLOGIST — 


With experience plus recent training. Will 
set up and direct a modern and responsive 
anesthesia service. Anesth. train. Univ. 
VA. 1960's. Seventeen years anesth. prac- 
tice. Now doing PGY 4 Anes. Residency. 
Board elig. Age 56. Lic.: VA., N. Y., ILL., 
OH., TEX; AZ., CAL., D.C. Will set up 
profess. corp. (fee for service) and hire 
personnel. Avail. late 1980 or early 1981. 
Reply to Box 7-80-C, c/o IARS. 


FELLOWSHIP IN OBSTETRICAL AN- 
ESTHESIA— 


Opportunity for extensive approved high- 
risk obstetrical unit with approximately 
7000 deliveries per year and full time ob- 
stetrical anesthesia staff. Base clinical year, 
two years of clinical anesthesia and FLEX 
required. Salary negotiable. For informa- 
tion contact: Albert L. Maduska, M.D., 
Anesthesiology E.H. Crump Women's 
Hospital, University of Tennessee Center 
for the Health Sciences, Memphis, Ten- 
nessee 38163. 


ANESTHESIA CARE SERVICES— 


Available with at least 30 days advance 
notice, to provide quality anesthesia care 
of any type, temporary or locum tenens, 
institutional or private practice, direct ad- 
ministration or supervision; days, weeks 
or months. Address inquiries to Box 7-80- 
F, c/o IARS. 
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CHIEF ANESTHESIOLOGIST— 


Board certified/eligible. Modern 160-bed 
regional hospital. All specialties except 
open heart and neurosurgery. Minimal 
O.B. coverage. Friendly four seasons com- 
munity. Excellent financial arrangement. 
Send replies to Dale J. Stein, Executive 
Director, St. Luke’s Hospital, 305 South 
State, Aberdeen, South Dakota 57401 or 
call collect 605-225-5110. 
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ANESTHESIOLOGIST — 


Board Certified or eligible to join large 
group of fee for service Anesthesiologists. 
Group covers two hospitals, total of 1,160 
beds, prefer experienced graduate of 
American school. Send C. V. to Box 7-80- 
D, c/o IARS. 


NEW YORK— 


Board certified Anesthesiologist wanted 
for directorship of the department in a 
300-bed Community Hospital. Corporate 
practice. Must have experience in Respi- 
ratory Therapy, ICU care and administra- 
tion. Send CV with first letter to Box 7-80- 
E, c/o IARS. 
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ANESTHESIOLOGY RESIDENT— 


And fellow positions are available at Texas 
Tech University Health Sciences Center 
Hospital. This is an exciting new facility 
with the latest equipment and techniques, 
including training in computers in ICU 
and critical care. Research opportunities 
will be available to the more advanced. 
Located in the Sunbelt within reasonable 
driving range of the mountains. Send in- 
quiries to Gabor Racz, M.D., Professor & 
Chairman, Department of Anesthesiology, 
3601 4th Street, Lubbock, Texas, 79430. 
An equal opportunity employer. 


Rates for classified advertising: $3.00 
per line, minimum 5 lines; box number 
ads $3.50 per line. Classified display rates 
on request. Copy deadline 6 weeks prior 
to publication. Do not submit payment 
with order; invoices will be sent for pay- 
ment prior to publication. Ad copy, subject 
to acceptance by publisher, shouid be 
mailed to: Anesthesia and Analgesia, 3645 
Warrensville Center Rd., Cleveland, OH 
44122. 


INDEX OF ADVERTISERS 


Ayerst Laboratories—Fluothane® . . 


Bristol Laboratories— Stadol 


Children’s Hospital of Akron— Pediatric Anesthesia Residency .. 


Children's Hospital, Washington, D.C.— Pediatric Anesthesia Residency | | 


Classified Advertising ........_.. 
The Cleveland Clinic Foundation—Clinical Fellowship |... 
The Cleveland Clinic Foundation— Employment Opportunity | 


J. H. Emerson Company—IMV Ventilator |... 


Instrumentation Laboratory— CO» Monitor 
Janssen Pharmaceutica, Inc.—Innovar; Sublimaze |... ... 
K & G Healthcare Industries, Inc.— Nicholes II Filter . . 
KMA, Inc.— Thermodilution Equipment ...... | ..... 
National Catheter Co.—Esophageal Stethoscope 

National Catheter Co.—Reinforced Tracheal Tube ................. 
North American Drager— Phillips Laryngoscope Blades . . . 

North General Hospital, NYC— Employment Opportunity . 

Ohio Medical Products—Ethrane® |... 

Ohio Medical Products— Ohio Modulus ........ 

Organon Pharmaceuticals— Hexadrol (B ..... 


Organon Pharmaceuticals—Pavulon® . 


Organon Pharmaceuticals— Regono/® 


Pharmaseal®— Stopcocks and Tubing ..... 


Physio-Control Corporation—CMS 6000 .... 


Siemens/Elema AB— Servo Humidifier ..... 


(44) 


(18), (19), (20) 

(36), (37), (38) 

"m | (41) 
(40) 

(42), (43) 
(40) 

|J. (41) 
o mE | (31) 


(21) 


2 (13), (14), C05), 06), 117) 


eee (6), (7) 


(11) 


. (40) 
(32), (33), (34) 

(4), (5) 

(22), (23) 

(8), (9), (10) 

Wi negates . (35) 
Cover 4 


Cover 3 


(24), (25) 


(206) 881-4000/ 


The monitoring functions you really need 
at a price you can actually afford. 


The Physio-Control CMS 
6000 four-bed ECG monitoring 
system is designed to give you 
more function at lower cost. 

Its a performance-oriented 
system, engineered to help your 
existing staff give better care to 
more patients. 

Thecompact central monitor 
unit has four channels with freeze 
channel and recorder. Each chan- 
nel has a digital rate meter and high 
and low alarm limits. It couldn't be 


simpler. It couldn't be more reliable. 


Itcouldn't be more affordable. 


The new CMS 6000 


from 


is the world leader in acute cardiac care systems. 11811 Wil 
U.S. Telex: 32026R International Telex: 320466 | i£fesot onc Nis 


Add to that the flexibility of using 
portable Lifepak*6 monitors as 
bedside units and you have the 
CMS 6000 —the common-sense 
approach to today's broad spec- 
trum of monitoring needs. 

And remember: the 
CMS 6000 is backed by the 
same nationwide factory- 
based service team that 
supports our famous 
Lifepak defibrillator/ 
monitors. We stand 
behind our systems — 
right behind them. 
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WITH PHARMASEAL, 


YOU'RE ALWAYS WELL-CONNECTED. 


When it comes to sterile, pressure 
monitoring/injection tubing. plastic 
stopcocks. and I.V extension tubing, 
Pharmaseal makes sure you re 
well-connected. 


First, for the best connections, our 
pressure monitoring/injection 
tubing is clearly better. 

For one, both tubing and con- 
nectors are totally transparent for 
superb visibility. Plus. special 
winged connectors assure a 
secure fit. 

Tubing is available with either 
male/female or male/male adapt- 
ers in lengths from 6" to 84" 

All tubes are also individually 
sealed in a sterile, peel-open 
package. 

Most important of all, you can 
count on the tubings total depend- 
ability for pressures up to 35 
KG/CM? (500 psi). 


Plus, we offer more stopcocks for 
more applications to meet more 
of your needs in the hospital. 

One-way stopcocks. 

Three-way stopcocks. 

Four-way stopcocks. 

Novex three-way stopcocks (for 
IV and other low pressure uses). 


© Pharmaseal 
Glendale, CA 91201 





Stopcocks with special caps to 
protect ports, rotating Luer-lock 
adapters, pre-attached extension 
tubes and a wide variety of exten- 
sion tubes. | 

All with smooth-turning handles 
and tight-fitting parts that wont 
stick or leak in normal use. 
(Approved for use up to 125 psi.) 


And, we also offer custom monitor- 
ing kits including pressure tubing, 
stopcocks and disposable trans- 
ducer domes. 


Let us help you make the best 
connections in stopcocks, tubing 
and custom kits. For details and 
samples, just contact your Pharma- 
seal representative. 

We want you to be well- 
connected. 





PHARMASEAL® 
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ISSN 0003-2999 
vol. 59, no.9 September 1980 


Journal of the International 
Anesthesia Research Society 


OLDEST PUBLICATION IN THE SPECIALTY - 
ESTABLISHED 1922 









Digital display 
for at-a-glance 
convenience 















We've just 
improved your 
esophageal 
stethoscope... 








we've added temperature 


National Catheters esophageal stethoscope lets you monitor heart and 
respiratory sounds and now core temperature with one intubation. 
Temperature probe wires embedded in separate lumens can't interfere with 
sound transmission. Unique design gives you positive connections. 
Economical thermocouple design for truly affordable single use. 


The hi-lo* temperature monitor has an easy-to-read digital display—no 
squinting at tiny numbers on a meter. The monitor does not need any "red- 
line” adjustment or calibration prior to each use. Ordinary D-cell batteries 
give you accurate readings for over 6 months of normal usage without 
recharging; a warning signal tells you when they need replacing. 

For more information about the esophageal stethoscope and hi-lo® 
temperature monitor, get in touch with your National Catheter representative. 
If you use an esophageal stethoscope at all, you might as well get all the 
information it can give you. 


See product information prior to use. 
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Pavulon facilitates intubation and provides 
safe, neuromuscular blockade. 


Organon Pharmaceuticals 
Histamine release and ganglionic A Division of Organon Inc. 
blockade are rarely, if ever, seen? — West Orange, N.J. 07052 
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pancuronium bromide 
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Proceed with PAVULON 


pancuronium bromide 
The clinically proven nondepolarizing muscle relaxant 


Brief Summary (Please consult full package insert, enclosed in every 
package, before using Pavulon). 


ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking agent 
possessing all of the characteristic pharmacological actions of this class 
of drugs (curariform) on the myoneural junction. 

Pavulon (pancuronium bromide) is antagonized by acetylcholine, 
anticholinesterases, and potassium ion. Its action is increased by inhala- 
tional anesthetics such as halothane, diethyl ether, enflurane and meth- 
oxyflurane, as well as quinine, magnesium salts, hypokalemia, some 
carcinomas, and certain antibiotics such as neomycin, streptomycin, 
clindamycin, kanamycin, gentamicin and bacitracin. The action of Pavu- 
lon may be altered by dehydration, electrolyte imbalance, acid-base 
imbalance, renal disease, and concomitant administration of other 
neuromuscular agents. 

CONTRAINDICATIONS: Pavulon is contraindicated in patients known to 
be hypersensitive to the drug or to the bromide ion. 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY 
ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF EXPERI- 
ENCED CLINICIANS, WHO ARE FAMILIAR WITH ITS ACTIONS AND THE 
POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS 
USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILI- 
TIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THER- 
APY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE 
CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRA- 
TION. 

In patients who are known to have myasthenia gravis small doses of 
Pavulon may have profound effects. A peripheral nerve stimulator is 
especially valuable in assessing the effects of Pavulon in such patients. 


USAGE IN PREGNANCY: The safe use of pancuronium bromide has not 
been established with respect to the possible adverse effects upon fetal 
development. Therefore, it should not be used in women of childbearing 
potential and particularly during early pregnancy unless in the judgment 
of the physician the potential benefits outweigh the unknown hazards. 
Pavulon may be used in operative obstetrics (Cesarean section), but 
reversal of pancuronium may be unsatisfactory in patients receiving 
magnesium sulfate for toxemia of pregnancy, because magnesium salts 
enhance neuromuscular blockade. Dosage should usually be reduced, 
as indicated, in such cases. 
PRECAUTIONS: Although Pavulon has been used successfully in many 
patients with pre-existing pulmonary, hepatic, or renal disease, caution 
should be exercised in these situations. This is particularly true of renal 
disease since a major portion of administered Pavulon is excreted 
unchanged in the urine. 


ADVERSE REACTIONS: Neuromuscular: the most frequently noted 
adverse reactions consist primarily of an extension of the drug's pharma- 
cological actions beyond the time period needed for surgery and 
anesthesia. This may vary from skeletal muscle weakness to profound 
and prolonged skeletal muscle relaxation resulting in respiratory insuffi- 
ciency or apnea. Inadequate reversal of the neuromuscular blockade by 
anticholinesterase agents has also been observed with Pavulon (pan- 
curonium bromide) as with all curariform drugs. These adverse reactions 
are managed by manual or mechanical ventilation until recovery is 
judged adequate. 

Cardiovascular: A slight increase in pulse rate is frequently noted. 

Gastrointestinal: Salivation is sometimes noted during very light anes- 
thesia, especially if no anticholinergic premedication is used. 

Skin: An occasional transient rash is noted accompanying the use of 
Pavulon. 

Respiratory: One case of wheezing, responding to deepening of the 

inhalational anesthetic, has been reported. 
DRUG INTERACTION: The intensity of blockade and duration of action 
of Pavulon is increased in patients receiving potent volatile inhalational 
anesthetics such as halothane, diethyl ether, enflurane and methoxy- 
flurane. 

Prior administration of succinylcholine, such as that used for endo- 

tracheal intubation, enhances the relaxant effect of Pavulon and the 
duration of action. If succinylcholine is used before Pavulon, the admin- 
istration of Pavulon should be delayed until the succinylcholine shows 
signs of wearing off. 
DOSAGE AND ADMINISTRATION: Pavulon should be administered only 
by or under the supervision of experienced clinicians. DOSAGE MUST 
BE INDIVIDUALIZED IN EACH CASE. See package insert for suggested 
dosages. 


CAUTION: Federal law prohibits dispensing without prescription. 


Reference: 
1. Stanley and Liu. Anesth Analg 56:669, 1977 
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THERMODILUTION CARDIAC 
OUTPUT COMPUTER 


MODEL 
3500E 


Latest bedside 
cardiac output 
computer monitoring 
technology 


MODEL 
3501 


Companion auto- 
matic recorder for 
thermodilution curve 





Features: 


e AUTOMATIC body and 
injectate temperatures 
e AUTOMATIC thermal curve 
recording 
e ADJUSTABLE test e CHOICE of injectate volume 
calibration and temperature 
e SERVICEABLE — interchangeable circuitry 


e ACCURATE cardiac outputs 
— adult and pediatric ranges 

e SIMPLE pushbutton 
operation 





resources 


For Additional Information. contact Ross Linnemann 


KMA, INC. 

150 Coolidge Avenue 
Watertown, Massachusetts 01172 
(800) 225-3080 

In Mass. call: (617) 926-6151 


THERMODILUTION 
CATHETERS 


Injectate Lumen 
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Thermistor 


Features: 


e Convenient and complete 
sterile packaging 

e Precalibrated and 
interchangeable 

e Adult. pediatric and direct 
placement sizes 


e Tapered tip — pressure fidelity 
and introduction 


e Thermistor located inside J 
curve — prevents P A. wall contact 


e Balloon protection shield 





Provide practical learning experience in 
your training sessions with realistic 

Life /form& products from Nasco. The free 
Health Care Educational Materials Catalog 
describes exceptional selection of 
anatomical replicas and simulators. Molded 
from actual organs in lifelike vinyl, they offer 
both visual and tactile learning experiences. 


The spinal injector simulator, for example, 
features a clear plastic window at the top of 
the model. It displays the L1 and L2 sections 
of the vertebral column, as well as other 
anatomical details. With the functional 
portion, students get the "actual feeling’ for 
performing all types of spinal injections. 
Catalog includes many other simulation 
devices, models, charts and visual media for 
all areas of medical education. Send for your 
free copy today. Write Dept. RA-809. 

Free Phone Order Service 1-800-558-9595 
in Wisconsin 1-800-242-9587 


AICO 


Fort Atkinson, WI 53538 Modesto, CA 95352 
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for pain management 
preoperatively 
intraoperatively 
_ postoperatively 
in surgery 


B proven analgesic efficacy—as a pre- and 
postoperative agent ...for patients in labor... 
as the analgesic component of balanced 
anesthesia 


fast acting—onset of action within 10 minutes 
IM, very rapidly IV; peak analgesic activity 
within 30-60 minutes IM, more rapidly IV 


tory depression similar to that of 10 mg of 
morphine or 70 mg of meperidine—unlike 
these agents, doubling the Stado! dose to 4 mg 
does not appreciably increase the magnitude 
of respiratory depression 


favorable side effect profile—low physical 
dependence liability, little nausea or vomiting, 
infrequent constipation 


few CNS effects other than sedation—the 
reported incidence of euphoria and hallucina- 
tions is less than 1% 


nonscheduled—not subject to regulations 
under the Federal Controlled Substances Act 
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NEN 
> (Dutorphana! tartrate) 


proven performance in the relief 
of moderate to severe pain 


TM Bristol Laboratories 
BRISTOL Division of Bristol-Myers Company 
Syracuse, New York 13201 


Please see brief summary of prescribing information on the following page 
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Brief Summary of Prescribing Information 
STADOL® (butorphanol tartrate) 


For complete information, consult Official Package Circular 
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INDICATIONS AND USAGE—Stadol is recommended for the relief of moderate to severe 
pain. Stadol can also be used for preoperative or preanesthetic medication, as a 
supplement to balanced anesthesia, and for the relief of prepartum pain 
CONTRAINDICATIONS—Stado! should not be administered to patients who have been 
shown to be hypersensitive to it 


WARNINGS—Patients Physically Dependent on Narcotics: Because of its antagonist 
properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use 
Due to the difficulty in assessing addiction in patients who have recently received 
substantial amounts of narcotic medication, caution should be used in the 
administration of Stadol. Detoxification of such patients prior to usage should be 
carefully considered 
Drug Dependence: Special care should be exercised in administering Stadol to 
emotionally unstable patients and to those with a history of drug misuse. When 
long-term therapy is contemplated, such patients shoud be closely supervised 
Even though Stadol has a low physical dependence liability, care should be taken 
that individuals who may be prone to drug abuse are closely supervised. It is 
important to avoid increases in dose and frequency of injections by the patient and 
to prevent the use of the drug in anticipation of pain rather than for the relief of pain 
Head Injury and Increased Intracranial Pressure: Although there is no clinical experience 
in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in 
cases of head injury can produce effects (e.g., miosis) which may obscure the 
clinical course of patients with head injuries. In such patients Stadol must be used 
with extreme caution and only if its use is deemed essential 
Cardiovascular Effects: Because Stadol increases the work of the heart. especially the 
pulmonary circuit, the use of this drug in acute myocardial infarction or in cardiac 
patients with ventricular dysfunction or coronary insufficiency should be limited to 
those who are hypersensitive to morphine sulfate or meperidine 
PRECAUTIONS —Certain Respiratory Conditions: Because Stadol causes some respiratory 
depression, it should be administered only with caution and low dosage to patients 
with respiratory depression (e.g.. from other medication, uremia. or severe infec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 
Impaired Renal or Hepatic Function: Although laboratory tests have not indicated that 
Stadol causes or increases renal or hepatic impairment, the drug should be 
administered with caution to patients with such impairment. Extensive liver disease 
may predispose to greater side effects and greater activity from the usual clinical 
dose, possibly the result of decreased metabolism of the drug by the liver 
Biliary Surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract 
Usage as a Preoperative or Preanesthetic Medication: Slight increases in systolic blood 
pressure may occur, therefore caution should be employed when Stadol is used in 
the hypertensive patient 
Usage in Balanced Anesthesia: The use of pancuronium in combination with Stadol may 
cause an increase in conjunctival changes 
Usage in Pregnancy: The safety of Stadol for use in pregnancy prior to the labor period 
has not been established; therefore, this drug shoulc be used in pregnant patients 
only when in the judgment of the physician its use is deemed essential to the welfare 
of the patient 
Reproduction studies have been performed in rats, mice and rabbits and have 
revealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 
2.5t05times the human dose 
Usage in Labor and Delivery: Safety to the mother and fetus following administration of 
Stadol during labor has been established. Patients receiving Stadol during labor 
have experienced no adverse effects other than those observed with commonly used 
analgesics. Stadol should be used with caution in women delivering premature 
infants. 
Usage in Nursing Mothers: The use of Stadol in lactating mothers who are nursing their 
infants is not recommended since it is not known whether this drug is excreted in 
human milk. Stadol has been used safely for labor pain in mothers who sub- 
sequently nursed their infants 
Usage in Children: Safety and efficacy in children below age 18 years have not been 
established. 
ADVERSE REACTIONS— The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy/sweating (76, 6%) 
Less frequent reactions are: headache (35, 3%), vere (33, 3%), floating feeling (33, 
3%), dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness (12, 1%). 
Other adverse reactions which may occur (reported incidence of less than 1%) are 
CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
Eye: diplopia or blurred vision 
OVERDOSAGE—Manifestations: Although there have been no experiences of over- 
dosage with Stadol de clinical trials, this may occur due to accidental or 
intentional misuse as well as therapeutic use. Based on the pharmacology of Stadol, 
overdosage could produce some degree of respiratory depression and variable 
cardiovascular and central nervous system effects 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated 
constantly and appropriate supportive measures instituted, such as oxygen, intra- 
venous fluids, vasopressors and assisted or controlled respiration 
HOW SUPPLIEU—Stado! (butorphanol tartrate) Injection for I.M. or! V use. is available 
as follows: 

NDC 0015-5644-20—2 mg per ml. 2-ml vial 

NOC 0015-5645-20— 1 mg per ml. 1-ml vial 

NDC 0015-5646-20—2 mg per ml. 1-ml vial 

NOC 0015-5646-23—2 mg per ml. 1-ml Disposable Syringe 

NOC 0015-5648-20—2 mg per ml. 10-ml multi-dose vial 


IM Bristol Laboratories 
BRISTOL Division of Bristol-Myers Company 


Syracuse. New York 13201 
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ABSTRACTS OF 
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Booklet containing 16 Review 
Course Lectures and Abstracts 
of 62 scientific papers given at 
the I.A.R.S. 54th Congress in 
March 1980 is available from 
[. A.R.S. Cleveland business 
office at $5.00 per copy. 
Supply is limited and orders 
will be filled on basis of 
receipt date of order. Make 
checks payable to 
International Anesthesia 
Research Society and send 
with order. 


[.A.R.S. 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Enclosed is check for $ |. | for 
copy(ies) of “1980 Review 

Course Lectures and Abstracts of 

Scientific Papers" to be sent to: 


(Name) 
(Mail address) 


(City-state-zip) 


Why do you think of FOREGGER 
When you think of Laryngoscopes? 


It's probably because you know that Foregger properly shapes 
their blades with knowledge, craftmanship and concern for 
quality unequalled in the industry. 


Or possibly you know that Foregger offers the world's 
largest variety of laryngoscope blades. 
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Or maybe you remember that Foregger is the 
largest, as well as one of the oldest manufac- 
turers in the field. 


Whatever the reason, we’re delighted 
that you think of Foregger . .. 


For more information, contact 
your local Foregger dealer 
or representative. 


Puritan-Bennett Corporation 
Foregger Medical Division 
835 Wheeler Way 
Langhorne, PA 19047 
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Preoperative relief with postoperative benefits 


D Predictable course of action—onset within O A proven record of safety and performance. 
minutes, release within hours. As with most 
CNS-acting drugs, outpatients should be 
cautioned against engaging in hazardous 


occupations requiring complete mental 


2 alertness, e.g., operating machinery or d Use with care in elderly, very ill and 
driving. patients with limited pulmonary reserve (see 


Warnings section on following page). 


D Does not normally compromise cardiac or 
respiratory function. Resuscitative equipment 
should be readily available. 


D Calm relaxed patient, better prepared for 
the procedure. 


e" Valium i V 


aiazepam/Roche Q 


A pattern of action 
that meets your needs 


Please see summary of product information on next page. 


D Narcotic dosage can and should be reduced. 





New/ Improved 


Tel-E-Ject 


10-mg Disposable 
Iu (5r mg/ml) 
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I mi (5 mg) 1.5 


2 mi (10 mg) 
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scale on both sides of barrel 
eases Visibility during 
administration 


Injectable 


Valium LV. 


diazepam/Roche 


10-ml vials 


2-ml ampuls | 3 mg/m 













Please consult complete 
product information, a summary 
of which follows: 


Contraindications: Hypersensitivity 
acute narrow angle glaucoma, may be 
used in patients with open angle glau- 
coma receiving appropriate therapy 
Warnings: 7o reduce the possibility of 
venous thrombosis. phiebitis, local irri- 
tation. swelling, and, rarely, vascular 
impairment when used I.V.: inject 
slowly, taking at least one minute for 
each 5 mg (1 ml) given, do not use 
small veins, i e , dorsum of hand or 
wrist; use extreme care to avoid intra- 
arterial administration or extravasation 
Do not mix or dilute Valium (diazepam 
Roche) with other solutions or drugs in 
syringe or infusion flask. If it is not 
feasible to administer Valium directly 
LV.. it may be injected slowly through 
the infusion tubing as close as pos- 
sible to the vein insertion 

Administer with extreme care to elderly, 
very ill, those with limited pulmonary 
reserve because of possibility of apnea 
and/or cardiac arrest; concomitant use 
of barbiturates, alcohol or other CNS 
depressants increases depression with 
increased risk of apnea, have resusci- 
tative facilities available. When used 
with narcotic analgesic. eliminate or 
reduce narcotic dosage at least ⁄ 
administer in small increments. Should 
not be administered to patients in 
shock. coma, acute alcoholic intoxica- 
tion with depression of vital signs. As 
with most CNS-acting drugs. caution 
against hazardous occupations requir- 
ing complete mental alertness (e.g., 
operating machinery, driving) 

Has precipitated tonic status epilep- 
ticus in patients treated for petit mal 
status or petit mal variant status 
Withdrawal symptoms similar to those 
with barbiturates and alcohol have 
been observed with abrupt discon- 
tinuation after long use of excessive 
doses. Infrequently, milder withdrawal 
symptoms have been reported follow- 
ing abrupt discontinuation of benzo- 
diazepines after long. continuous use 
at high therapeutic levels. After ex- 
tended therapy, gradually taper dosage 
Usage in Pregnancy: Use of 
minor tranquilizers during 

first trimester should almost 
always be avoided because 

of increased risk of congeni- 

tal malformations, as sug- 
gested in several studies. 
Consider possibility of preg- 
nancy when instituting 

therapy; advise patients to 
discuss therapy if they intend 


Efficacy/safety not established in neo- 
nates (age 30 days or less); prolonged 
CNS depression observed In children, 
give slowly (up to 0.25 mg/kg over 3 
minutes) to avoid apnea or prolonged 
somnolence; can be repeated after 15 
to 30 minutes. If no relief after third 
administration, appropriate adjunctive 
therapy is recommended 
Precautions: Although promptly con- 
trolled, seizures may return, re-admin- 
ister if necessary; not recommended 
for long-term maintenance therapy 

If combined with other psychotropics 
or anticonvulsants, carefully consider 
individual pharmacologic effects—par- 
ticularly with known compounds which 
may potentiate action of Valium 
(diazepam/Roche), i.e., phenothia- 
zines, narcotics, barbiturates, MAO in- 
hibitors, antidepressants. Protective 
measures indicated in highly anxious 
patients with accompanying depres- 
sion who may have suicidal tenden- 
cies. Observe usual precautions in 
impaired hepatic function; avoid ac- 
cumulation in patients with compro- 
mised kidney function. Laryngospasm 
increased cough reflex are possible 
during peroral endoscopic proce- 
dures, use topical anesthetic, have 
necessary countermeasures available 
Hypotension or muscular weakness 
possible, particularly when used with 
narcotics, barbiturates or alcohol. Use 
lower doses (2 to 5 mg) for elderly 
debilitated 

Adverse Reactions: Drowsiness, fa- 
tigue, ataxia, venous thrombosis 
phlebitis at injection site, confusion, 
depression, dysarthria, headache, hy- 
poactivity, slurred speech, syncope, 
tremor, vertigo, constipation, nausea, 
incontinence, changes in libido, uri- 
nary retention, bradycardia, car- 
diovascular collapse, hypotension, 
blurred vision, diplopia, nystagmus, 
urticaria, skin rash, hiccups, changes 
in salivation, neutropenia, jaundice 
Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances, 
stimulation have been reported. should 
these occur, discontinue drug Cough, 
depressed respiration, dyspnea, hy- 
perventilation, laryngospasm/pain in 
throat and chest have been reported in 
peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice: 
periodic blood counts, liver function 
tests advisable during long-term 
therapy. Minor EEG changes, usually 
low-voltage fast activity, of no Known 
significance 

Management of Overdosage: Man- 
ifestations include somnolence, con- 
fusion, coma, diminished reflexes 
Monitor respiration, pulse, blood pres- 
sure; employ general supportive 
measures, | V. fluids, adequate airway 
Hypotension may be combated by the 
use of levarterenol or metaraminol 
Dialysis is of limited value 

Supplied: Ampuls, 2 ml. boxes of 10, 
Vials, 10 ml, boxes of 1; Tel-E-Ject* 
(disposable syringes), 2 ml, boxes of 
10. Each ml contains 5 mg diazepam 
compounded with 40% propylene 
glycol, 10% ethyl alcohol, 5% sodium 
benzoate and benzoic acid as 
buffers, and 1.5% benzyl alcohol as 
preservative 


to or do become pregnant. 
Not recommended for OB use 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc 
® Nutley, New Jersey 07110 
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Todays First Choice 


HINT gne enflurane 


Anesthetists are now using 
Ethrane® (enflurane) more often 
than any other potent anesthetic. 


















z P 
Their reasons? 

e Stability of heart rhythm | 

A noteworthy feature of anesthesia with Ethrane (enflurane) is stability of heart rhythm’. g 

e Compatibility with epinephrine a : 


The compatibility of Ethrane (enflurane) with epinephrine used for hemostasis is such that up to 10 mi. 
of 1:100,000 or 1:200,000 epinephrine solution may be injected subcutaneously over a 10 minute — 
period. Up to 30 ml of epinephrine solution may be administered over the period of an hour. ~ s 
e Minimal or no liver changes Bi 
Ethrane (enflurane) has produced either no change or small, transient increases in liver enzymes. 
Repeated enflurane anesthesias also have not significantly altered these values?-®. 
e Minute-by-minute control 
With a blood/gas partition coefficient of only 1.9, Ethrane (enflurane) provides for a rapid induction 
and for rapid changes in depth to meet varying needs of surgery and patient management. 
e Potentiation of nondepolarizing relaxants 
Clinical use suggests that % to 1⁄4 the usual dose of nondepolarizing relaxant is required when me 
anesthesia is obtained with enflurane’. This potentiating effect helps reduce the risk of residua 
recurring postanesthetic paralysis. soit ee 
e Rapid recovery; minimal anesthetic after-effect dii 
Because of enflurane's low solubility in blood, patients emerge from anesthesié 
or no depression of mental function or residual symptomatic effect. ; 


. Dobkin AB, Nishioka K, Gengaje DB, et al: Ethrane (compound 347) anesthesia: a clinical and laboratory rev 
700 cases. Anesth Analg 48:477-493, 1969. 
Botty C, Brown B, Stanley V, et al: Clinical experiences with compound 347, a halogenated anesthetic agent. / 
Analg 47:499-505, 1968. c 

Lebowitz MH, Blitt CD, Dillon JB: Clinical investigation of compound 347 (Ethrane). Anesth A pr 
Linde HW, Lamb VE, Quimby CW, et al: The search for better anesthetic agents: Clinical investiga 910.197? e. 

Anesthesiology 32:555-559, 1970. biu Saa 
Virtue RW, Lund LO, Phelps JR, et al: Difluormethyl 1,1,2-trifluoro-2-chloroethyl ether as an anos mEn agent: ré ultts 
with dogs and a preliminary note on observations with man. Canad Anaesth Soc J 13:233-241, 1966. Doo 
Allen PJ, Downing JW: A prospective study of hepatocellular function after repeated exposure to halothane of ~ 
enflurane in women undergoing radium therapy for cervical cancer. Brit J. Anaesth 49:1035-1039, 1977. a 
Hanquet M: Enflurane (Ethrane) anesthesia. A survey of the first 1000 cases. Acta Anaesthesiol Belg 25:289-299, 1974. — A 


— 






-— 


NOR S» 0. 


ONIO Medical Products JARCO’ 


3030 Airco Drive | TS Tree 
Madison, Wisconsin 53707 j^ 





T ono cere eei v! cm oly yos Mn 


: a 
a" débute. m m bbs met ad 
4 s — 


^ ss 


TMETTIITLL LA 
„4535/1 


EI 


x 


L. eer noire ae e ee 


! 
| 
E 


! 
E! 
i 
g 
4 
: 





Fthr one (enflurane ) 


CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION 
ETHRANE (enflurane) is a nonflammable inhalation anesthetic 
agent. It is 2-chloro-1,1 2-trifluoroethyl difluoromethyl ether, mole- 
cular weight 184.5, and its structural formula is: 


The boiling point is 56 5°C at 760 mm Hg. and the vapor pres- 
sure (mm Hg) is 175 at 20°C, 218 at 25°C, and 345 at 36°C. Vapor 
pressures can be calculated using the equation. 

logioP=A+B/T A=7.967 
B= — 16784 
T =°C +273.16 (Kelvin) 

The specific gravity (25°/25°C) is 1.517. The refractive index 
at 20" is 1.3026-1.3030. The blood/gas coefficient is 191 at 37^C 
and the oil/gas coefficient is 98.5 at 37^C. The MAC. (minimum 
alveolar concentration) in man is 1.68 percent in pure oxygen, 
0.57 in 70% nitrous oxide and oxygen, and 1.17 in 30% nitrous 
oxide and oxygen. 

ETHRANE is a clear, colorless, stable liquid whose purity ex- 
ceeds 99 9 percent (area % by gas chromatography) No chemical 
stabilizers are added as these have been found, through controlled 
laboratory tests, to be unnecessary to maintain stability even in 
the presence of ultraviolet light. ETHRANE is stable to strong 
base and does not decompose in contact with soda lime and does 
not attack aluminum, tin, brass, iron or copper. The partition co- 
efficients of HRANE at 25°C are 74 in conductive rubber and 
120 in polyvinyl chloride. 


a ACTIONS 

ETHRANE (enflurane) is an inhalation anesthetic Induction and 
recovery from anesthesia with ETHRANE are rapid ETHRANE 
has a mild. sweet odor. There is mild stimulus to salivation or 
tracheobronchial secretions when ETHRANE ıs used alone 
Pharyngeal and laryngeal reflexes are readily obtunded The level 
of anesthesia changes rapidly with ETHRANE. ETHRANE re- 
duces ventilation as depth of anesthesia increases High pCO: 
levels can be obtained at deeper levels of anesthesia if ventilation 
is not supported. ETHRANE provokes a sigh response reminiscent 
of that seen with diethyl ether. 

There is a decrease in blood pressure with induction of anes- 
thesia, followed by a return to near normal with surgical stimula- 
tion. Progressive increases in depth of anesthesia produce 
corresponding increases in hypotension. Heart rate remains 
relatively constant without significant bradycardia. Electrocardio- 
graphic monitoring or recordings indicate that cardiac rhythm 
remains stable Elevation of the carbon dioxide level in arterial 
blood does not alter cardiac rhythm 

Studies in man indicate a considerable margin of safety in the 
administration of epinephrine containing solutions during 
ETHRANE anesthesia. ETHRANE anesthesia has been used in 
excision of pheochromocytoma in man without ventricular 
arrhythmias. On the basis of studies in patients anesthetized with 
ETHRANE and injected with epinephrine containing solutions to 
achieve hemostasis, up to 10 ml of 1:100,000 or 1:.200,000 epine- 
phrine containing solution may be injected subcutaneously at a 
rate of not more than 10 ml per minute and no more than 30 ml per 
hour. All customary precautions in the use of vasoconstrictor 
substances should be observed. 

Muscle relaxation may be adequate for intra-abdominal opera- 
tion at normal levels of anesthesia. Muscle relaxants may be used 
to achieve greater relaxation and all commonly used muscle re- 
laxants are compatible with ETHRANE. THE NONDEPOLARIZ- 
ING MUSCLE RELAXANTS ARE POTENTIATED In the normal 
70 kg adult, 6 to 9 mg of d-tubocurarine or 1 to 1.5 mg of pan- 
curonium will produce a 90 percent or greater depression of twitch 
height. Neostigmine does not reverse the direct effect of 
ETHRANE. 

Biotransformation of ETHRANE in man results in low levels of 
serum fluoride ions averaging 15 mM/L These levels are well 
below the 50 mM/L threshold level which can produce minimal 
renal damage in normal subjects; however, it is possible that these 
levels could result in damage in patients with severely impaired 
renal function or those undergoing renal transplantation. Depres- 
sion of lymphocyte transformation does not follow prolonged 
ETHRANE anesthesia in man in the absence of surgery. Thus 
ETHRANE does not depress this aspect of the immune response. 


INDICATIONS 
ETHRANE (enflurane) may be used for induction and maintenance 
of general anesthesia. Adequate data have not been developed 
to establish its application in obstetrical anesthesia 


CONTRAINDICATIONS 
Seizure disorders (see WARNINGS). 
Known sensitivity to ETHRANE (enflurane) or other halogenated 


anesthetics. 

WARNINGS 
Increasing depth of anesthesia with ETHRANE (enflurane) may 
produce a change in the electroencephalogram characterized by 


high voltage, fast frequency, progressing through spike-dome 
complexes alternating with periods of electrical silence to frank 
seizure activity. The latter may or may not be associated with motor 
movement. Motor activity, when encountered, generally consists 
of twitching or “jerks” of various muscle groups. it is self-limiting 
and can be terminated by lowering the anesthetic concentration. 
This electroencephalographic pattern associated with deep anes- 
thesia is exacerbated by low arterial carbon dioxide tension. A 
reduction in ventilation and anesthetic concentration usually 
suffices to eliminate seizure activity. Cerebral blood flow and 
metabolism studies in normal volunteers immediately following 
seizure activity show no evidence of cerebral hypoxia. Mental 
function testing does not reveal any impairment of performance 
following prolonged ETHRANE anesthesia associated with or not 
associated with seizure activity. 

Since levels of anesthesia may be altered easily and rapidly, 
only calibrated vaporizers which measure output with reasonable 
accuracy should be used. Hypotension and respiratory exchange 
canserve as aguideto anesthesia depth. Deep levels of anesthesia 
may produce marked hypotension and respiratory depression. 

. The action of nondepolarizing relaxants is augmented by 
ETHRANE. Less than the usual amounts of these drugs should be 
used. If the usual amounts of nondepolarizing relaxants are given, 
the time for recovery from myoneural blockade will be longer in 
the presence of ETHRANE than for other commonly used 
anesthetics. 

Usage in Pregnancy: Safety in pregnancy has not been estab- 
lished. Reproduction studies have been performed in rats and 
rabbits, and there is no evidence of harm to the animal fetus. The 
relevance of these studies to the human is not known. Since there 
is no adequate experience in pregnant women who have received 
the drug, safety in pregnancy has not been established 


PRECAUTIONS 

Bromsulfalein (BSP) retention is mildly elevated postoperatively 
in some cases. This may relate to the effect of surgery since pro- 
longed anesthesia (5 to 7 hours) in human volunteers does not 
result in BSP elevation. There is some elevation of glucose and 
white blood count intraoperatively. Glucose elevation should be 
considered in diabetic patients. ETHRANE (enflurane) should be 
used with caution in patients who by virtue of medical or drug 
history could be considered more susceptible to cortical stimula- 
tion produced by this drug. As with other general anesthetics and 
some muscle relaxants, hyperpyrexia has been observed with 
the use of ETHRANE 


ADVERSE REACTIONS 
1. Motor activity exemplified by movements of various muscle 
roups and/or seizures may be encountered with deep levels of 
THRANE (enflurane) anesthesia, or light levels with hypocapnia 
2. Hypotension and respiratory depression have been reported 
3 Arrhythmias. shivering. nausea, and vomiting have been 
reported 
4 Elevation of the white blood count has been observed 


DOSAGE AND ADMINISTRATION 
The concentration of ETHRANE (enflurane) being delivered dur- 
ing anesthesia from a vaporizer should be known This may be 
accomplished by using: l 

a) vaporizers calibrated specifically tor ETHRANE. 

b) vaporizers from which delivered flows can easily and readily 

be calculated 

Nothing is present in the agent to alter calibration or affect the 
operation characteristics of the vaporizer 

Preanesthetic Medication: Preanesthetic medication should be 
selected according to the need of the individual patient, d 
into account that secretions are weakly stimulated by ETHRAN 
and the heart rate remains constant. The use of anticholinergic 
drugs is a matter of choice 

Induction: Induction may be achieved using ETHRANE alone 
with oxygen or in combination with oxygen-nitrous oxide mixtures 
Under these conditions some excitement may be encountered. If 
excitement is to be avoided, a hypnotic dose of a short-acting bar- 
biturate should be used to induce unconsciousness, followed by 
the ÉTHRANE mixture. In general, inspired concentrations of 
3 5-4 59; ETHRANE produce surgical anesthesia in 7-10 minutes. 

Maintenance: Surgical levels of anesthesia may be obtained 
with 1.5-39; ETHRANE. Maintenance concentrations should not 
exceed 3%. If added relaxation is required, supplemental doses 
of muscle relaxants may be used. Ventilation to maintain the ten- 
sion of carbon dioxide in arterial blood in the 35-45 mm Hg range 
is preferred. Hyperventilation should be avoided in order to 
minimize possible CNS excitation. 

The level of blood pressure during maintenance is an inverse 
function of ETHRANE concentration in the absence of other com- 
plicating problems. Excessive decreases (unless related to hypo- 
volemia) may be due to depth of anesthesia and in such instances 
should be corrected by lightening the level of anesthesia. 

Overdosage: In the event of overdosage, or what may appear 
to be overdosage, the following action should be taken: 

Stop drug administration; establish that the airway is clear and 

initiate assisted or controlled ventilation with pure oxygen as 

circumstances dictate. 


PACKAGING 
ETHRANE (enflurane) is packaged in 125 and 250 ml amber 
colored bottles. 
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. Non-glare. 
Ihe finishing 
touch from 
Penlon. 


One of the best instruments in the field is now just a little bit better. We've 
developed a soft new matte finish for our laryngoscopes that vir-ually eliminates reflection 
and glare. Now you can enjoy maximum illumination without the distraction that can 
attend polished finishes. Those who wear glasses will welcome-this timely new improve- 
ment, now available in Macintosh, Miller and Wisconsin models. 

Naturally, our new finishing touch doesn't compromise ir the slightest way the 
superior handcrafted quality you have come to expect from our laryngoscopes. g 
The same quality stainless steel goes in, the same meticulous care is given 4 
to manufacture. 7A 

We've been developing and perfecting laryngoscopes for 35 
years. First with stainless steel to eliminate plating problems. 

Pioneers in better wiring, insulation and blade design. Our 
non-glare finish simply follows in that innovative tradition 
to give you the most useful, professional 

instruments that can be made. 

Penlon laryngoscopes. Showing the way — 4 
from start to finish. m. 

For more information call or write 
Penlon Inc. 4647 Giles Road, 

Cleveland, Ohio 44135, 
216-476-0880. 


Penlon 





Pharmaseal 


Continuous 


Flush Device. 
Simple and safe. 








We looked at every flush device 
available, then designed ours so it 
would be very easy to use. 

For example, starting the 
fast flush mechanism takes just 
a simple, one-handed squeeze — 
even when hands are wet. 

It’s easy to get to because 
it’s separate from the main mon- 
itoring line. 

The flow rate is easily 
controlled too, with a flow fast 
enough to fill the lines rapidly — 
yet slow enough to minimize 
turbulence in the drip chamber. 

As for problems with 
air bubbles...there’s less chance 
of air being trapped in the line. 
The clarity of the material lets 
you quickly spot any bubbles. 
And they’re easy to clear from 
the system. 


And it's safe. 


We did the same thing with safety 
features. Checked everything 
available, then built in more. 

Our safety starts with 
strong, secure connections. 

A limited fast flush rate 
minimizes the possibility of 
excess fluid administration, as 
well as the formation of micro 
air bubbles. 

A full-ring Luer-lock 
design guards against accidental 
disconnection. 

And a 10 micron filter 
is included to provide additional 
filtration. 

There's also a guard that 
protects against the possibility of 
accidental fast flush. And a spe- 
cially-designed fast flush actuator 
for simple, one-handed operation. 

Also, our flush device 
acts as a pressure relief valve to 
protect the transducer. 


To be sure there's no 
mistake, we provide a color- 
coding kit (red, blue and yellow) 
for application to monitoring 
lines. 


The simple, safe 
Pharmaseal Continuous Flush 
Device. You can depend on it 
for accurate pressure wave 
transmission from catheter to 
transducer. We made it easy 
for you. 


Aneasy touch. 


For details, as well as 
information on our standard 
and custom line of monitoring 
kits, contact your American 
Pharmaseal representative. 


..55*$. American Pharmaseal 
s Oaai uea Division 

P.O. Box 1300 

Glendale, CA 91209 











ORTICOID THERAPY IN / 


CRITICAL , 
CARE Ç 


Pharmacologic doses of corticoids have been used in C. 
the treatment of shock unresponsive to conventional therapy, 
if adrenocortical insufficiency exists or is suspected. 


Differences That Count 
Hexadrol' phosphate injection is easy to handle, store and administer. Already 
in solution, it can be used directly from the vial. Hexadrol has benzyl alcohol as a 
preservative and is stable at room temperature. 

The multi-dose vial minimizes waste. When used in pharmacologic doses, Hexadrol 
offers significant savings over methylprednisolone* 


*Based on average wholesale price listings in Drug Topics Red Book 1979. Actual prices paid by direct purchasers will vary by order size but are usually lower for Hexadrol 


Hexadrol Phosphate Injection 


dexamethasone sodium phosphate injection USP 


BEFORE PRESCRIBING OR ADMINISTERING, PLEASE CON- 
SULT COMPLETE PRODUCT INFORMATION, A SUMMARY OF 
WHICH FOLLOWS: 

ACTIONS—Glucocorticoids cause profound and varied metabolic 
effects. In addition, they modify the body’s immune response to 
diverse stimuli. 

CONTRAINDICATIONS- Systemic fungal infections—Hyper- 
sensitivity to any component. 


E 





All corticosteroids increase calcium excretion. 

WHILE ON CORTICOSTEROID THERAPY PATIENTS SHOULD 
NOT BE VACCINATED AGAINST SMALLPOX. OTHER IMMUNI- 
ZATION PROCEDURES SHOULD NOT BE UNDERTAKEN IN 
PATIENTS WHO ARE ON CORTICOSTEROIDS, ESPECIALLY 
IN HIGH DOSES BECAUSE OF POSSIBLE HAZARDS OF 
NEUROLOGICAL COMPLICATIONS AND LACK OF ANTI- 
BODY RESPONSE. 






WARNINGS-'In patients on corticosteriod therapy subjected 
to any unusual stress, increased dosage of rapidly acting cor- 
ticosteroids before, during and after the stressful situation is 
indicated. Corticosteroids may mask some signs of infection, 


The use of Hexadrol Phosphate Injection (dexamethasone 
sodium phosphate injection, USP) in active tuberculosis 
should be restricted to those cases of fulminating or dis- 
seminated tuberculosis in which the corticosteroid is used 


for the management of the disease in conjunction with an 
appropriate anti-tuberculosis regimen. 
If corticosteroids are indicated in patients with latent 


and new infections may appear during their use. There may 
be decreased resistance and inability to localize infection 
when corticosteroids are used. Prolonged use of cortico- 





steroids may produce posterior subcapsular cataracts and  HEXADROL* tuberculosis or sas bn eae close E Is 
glaucoma with possible damage to optic nerves and may PHOSPHATE necessary as reactivation of the disease may occur. Yuring 
enhance the establishment of secondary, fungal or viral Dienas one S000 prolonged corticosteroid therapy, these patients should 
ocular infections. n: receive chemoprophylaxis. 


Usage In Pregnancy. Since adequate human reproduc- amemus C heuer n beh d d Mu Apt t have 
tion studies have not been done with corticosteroids, the Rip pes P d p eee 
: roid therapy, appropriate precautionary measures 
use of these drugs in pregnancy, nursing mothers or : or 
, . should be taken prior to administration, especially 
women of childbearing potential requires that the possible when the patient has a history of allergy to any dr 
benefits of the drug be weighed against the potential haz- — . P y gy yug. 
ards to the mother and embryo or fetus. Infants born of SS PRECAUTIONS—Drug-induced secondary adreno- 
mothers who have received substantial doses of corticoster- eo cortical insufficiency may be minimized by gradual reduc- 
oids during pregnancy should be carefully observed for tion of dosage. This type of relative insufficiency may 
signs of hypoadrenalism. 100 mg persist for months after discontinuation of therapy; there- 
Average and large doses of cortisone or hydrocortisone can fore, in any situation of stress occurring during that period, 
cause elevation of blood pressure, salt and water retention, and hormone therapy should be reinstituted. Since mineralocorticoid 
increased excretion of potassium. These effects are less likely to secretion may be impaired, salt and/or a mineralocorticoid should 
occur with the synthetic derivatives except when used in large be administered concurrently. 
doses. Patients with stressed myocardium should be observed There is an enhanced effect of corticosteroids in patients with 
carefully and the drug administered slowly since premature ven- hypothyroidism and in those with cirrhosis. 
-tricular contractions may occur with rapid administration. Dietary Corticosteroids should be used cautiously in patients with ocu- 
salt restriction and potassium supplementation may be necessary. lar herpes simplex for fear of corneal perforation. 


The 
lowest possible 
dose of corticosteroid 
should be used to control the 
condition under treatment, and when 
reduction in dosage is possible, the reduction 
must be gradual. 

Psychic derangements may appear when corticosteroids 
are used ranging from euphoria, insomnia. mood Swings, person- 
ality changes, and severe depression to frank psychotic manifesta- 
tions. Also, existing emotional instability or psychotic tendencies 
may be aggravated by corticosteroids. 

Aspirin should be used Cautiously in conjunction with cortico- 
Steroids in hypoprothrombinemia. 

Steroids should be used with caution in nonspecific ulcerative 
colitis, if there is a probability of impending perforation, abscess or 
other pyogenic infection, also in diverticulitis. fresh intestinal anas- 
tomoses, active or latent peptic ulcer, renal insufficiency, hyperten- 
sion, Osteoporosis, and myasthenia gravis. 

Growth and development of infants and children on prolonged 
corticosteroid therapy should be Carefully followed. 

Intra-articular injection of a corticosteroid may produce sys- 
temic as well as local effects. 

Appropriate examination of any joint fluid present is necessary 
to exclude a septic process. 

A marked increase in pain accompanied by local swelling, fur- 
ther restriction of joint motion, fever, and malaise are suggestive of 
Septic arthritis. If this complication occurs and the diagnosis of 
sepsis is confirmed, approrpriate antimicrobial therapy should be 
instituted. 

Local injection of a steroid into a previously infected joint is to 
Be avoided. Corticosteroids should not be injected into unstable 
joints. 

ADVERSE REACTIONS— 

Fluid and electrolyte disturbances: Sodium retention: Fluid reten- 
tion; Congestive heart failure in susceptible patients; Potassium 
loss; Hypokalemic alkalosis: Hypertension. 


Musculoskeletal: Muscle weakness: Steroid myopathy; Loss of 
muscle mass; Osteoporosis; Vertebral compression fractures; 
Aseptic necrosis of femoral and humeral heads: Pathologic frac- 
ture of long bones. 


Gastrointestinal: Peptic ulcer with possible subsequent perfora- 
tion and hemorrhage; Pancreatis; Abdominal distention: Ulcerative 
esophagitis. 

Dermatologic: Impaired wound healing; Thin fragile skin; Pete- 
chiae and ecchymoses; Facial erythema; Increased sweating; May 
suppress reactions to skin tests. 

Neurological: Convulsions; Increased intracranial pressure with 
papilledema (pseudotumor cerebri) usually after treatment; Ver- 
tigo; Headache. 
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state; 
Suppression 
of growth in 
children; Secondary 
adrenocortical and pituitary 
unresponsiveness, particularly in times of stress. as in trauma, 
sugery, or illness; Decreased carbohydrate tolerance: Manifesta- 
tions of latent diabetes mellitus: Increased requirements for insulin 
or oral hypoglycemic agents in diabetics. 


Ophthalmic: Posterior subcapsular cataracts; Increased intraocu- 
lar pressure; Glaucoma; Exophthalmos. 


Metabolic: Negative nitrogen balance due to protein catabolism. 


Miscellaneous: Hyperpigmentation or hypopigmentation; Subcu- 
taneous and cutaneous atrophy; Sterile abscess: Postinjection 
flare, following intra-articular use; Charcot-like arthropathy; Itch- 
ing, burning, tingling in the ano-genital region. 

DOSAGE AND ADMINISTRATION—For treatment of unrespon- 
sive shock high pharmacologic doses of this product are currently 
recommended. Reported regimens range from 1 to 6 mg/kg of 
body weight as a single intravenous injection to 40 mg initially 
followed by repeat intravenous injection every 2 to 6 hours while 
shock persists. 

DOSAGE REQUIREMENTS ARE VARIABLE AND MUST BE 
INDIVIDUALIZED ON THE BASIS OF THE DISEASE AND THE 
RESPONSE OF THE PATIENTS. 

CAUTION—Federal law prohibits dispensing without prescription. 
HOW SUPPLIED—5-cc (4 mg/cc) multiple dose vial, NDC #0052- 
0796-05; 1-cc (4mg/cc) vial, box of 25, NDC # 0052-0796-25; 
10-cc (10mg/cc) vial (for intravenous or intramuscular use only), 
NDC +00520-0797-10: 

1-cc (4mg/cc) Prefilled Disposable Syringe (for intravenous or 
intramuscular use only) NDC z* 0052-0796-26. P on 
Hexadrol is available in two potencies, 4mg/cc an 
aqueous solution with 196 benzyl alcohol as pres 
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e Establish a foundation of 
tranquility and analgesia 
Smooth intubation 
Minimize the need for thiopental 


e Foster a smooth and 
uneventful intraoperative 


course 
Provide an anesthetic baseline 
Promote cardiovascular stability 


@ Maintain a quiet 
and less troublesome 
postoperative period 
Reduce the incidence of nausea and vomiting 
Minimize the need for postoperative analgesics 
Provide tranquilization and tolerance 
of discomfort 


Innovar" (droperidol/fentanyl) injection (t 
proven by a decade of worldwide experience 





can help suppress 
surgical stress 


2.0 ml INNOVAR” 3.0 ml SUBLIMAZE" 1.0 ml SUBLIMAZE" 





Administered following induction, 3-5 ml 

of SUBLIMAZE® (fentanyl) injection € will: 

m provide profound analgesia 

8 minimize catecholamine release 

E lay a foundation for a smooth 
intraoperative course 


Used as needed during surgery, 
SUBLIMAZEF® offers controllable analgesia: 
E rapid onset 

8 short duration of action* 

8 rapid reversibility by 


narcotic antagonists* 
8 analgesic action carries over into 
postoperative period* 


"The respiratory depressant effect of Sublimaze" (fentanyl) injection @ 
may last longer than the analgesic effect. 


Please see Prescribing Information on following pages 
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Innovar injection Cr 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 






The two components of INNOVAR injection, fentanyl and droperidol, have different pharmacologic 
actions. Before administering INNOVAR injection, the user should familiarize himself with the 
special properties of each drug. particularly the widely differing durations of action 


DESCRIPTION: Each ml. contains (in a 1:50 ratio): 
Fentanyl ..........ssccsecesseeernnenssseecnenseeesseessoscsnseeneeaucenssnecoesereverscsrsarsnen eiai 
as the citrate 


Droperidol M —— —————— ESSET — 18 
Lactic acid for adjustment of pH to 3.5 + 0.3 

ACTIONS: INNOVAR injection is a combination drug containing a narcotic analgesic, fentanyl, and a 
neuroleptic (major tranquilizer), droperidol. The combined effect, sometimes referred to as neurolep- 
tanalgesia, is characterized by general quiescence, reduced motor activity, and profound analgesia; 
complete loss of consciousness usually does not occur from use of INNOVAR injection alone, The 
incidence of early postoperative pain and emesis may be reduced. 

A. Fentanyl is a narcotic analgesic with actions qualitatively similar to those of morphine and meperi- 
dine. Fentanyl in a dose of 0.1 mg. (2.0 ml.) is approximately equivalent in analgesic activity to 10 mg. 
of morphine or 75 mg. of meperidine. The principal actions of therapeutic value are analgesia and seda- 
tion. Alterations in respiratory rate and alveolar ventilation, associated with narcotic analgesics, may last 
longer than the analgesic effect. As the dose of narcotic is increased, the decrease in pulmonary exchange 
becomes greater. Large doses may produce apnea. Fentanyl appears to have less emetic activity than 
other narcotic analgesics. Histamine assays, and skin wheal testing in man, as well as in vivo testing in 
dogs indicate that histamine release rarely occurs with fentanyl. 

Fentanyl may cause muscle rigidity, particularly involving the muscles of respiration.It may also produce 
other signs and symptoms characteristic of narcotic analgesics including euphoria, miosis, bradycardia, 
and bronchoconstriction. 

The onset of action of fentanyl is almost immediate when the drug is given intravenously ; however, max- 
imal analgesic and respiratory depressant effect may not be noted for several minutes. The usual duration 
of action of the analgesic effect is 30 to 60 minutes after a single 1. V. dose of up to 0.1 mg. Following 
intramuscular administration, the onset of action is from seven to eight minutes. and the duration of 
action is from one to two hours. 

As with longer-acting narcotic analgesics, the duration of the respiratory depressant effect of 
SUBLIMAZE (fentanyl) may be longer than the analgesic effect. The following observations have been 
reported concerning altered respiratory response to CO: stimulation following administration of fentanyl 
to man: 

I. DIMINISHED SENSITIVITY TO CO: STIMULATION MAY PERSIST LONGER THAN 
DEPRESSION OF RESPIRATORY RATE. Fentanyl frequently slows the respiratory rate but this effect 
is seldom noted for over 30 minutes regardless of the dose administered. 

2. Duration and degree of respiratory depression is dose related. 

3, The peak respiratory depressant effect of a single intravenous dose of fentanyl is noted 5 to 15 minutes 
following injection. 

4. Altered sensitivity to CO: stimulation has been demonstrated for up to four hours following a single 
intravenous dose of 0.6 mg. (12 ml.) fentanyl to healthy volunteers. 

See also WARNINGS and PRECAUTIONS concerning respiratory depression. 

B. Droperidol produces marked tranquilization and sedation. It also produces an antiemetic effect as 
evidenced by the antagonism of apomorphine in dogs. It potentiates other CNS depressants. It also 
produces mild alpha-adrenergic blockade, peripheral vascular dilatation and reduction of the pressor 
effect of epinephrine. Droperidol can produce hypotension and decreased peripheral vascular resistance. 
It may decrease pulmonary arterial pressure (particularly if it is abnormally high). It may reduce the 
incidence of epinephrine-induced arrhythmias but it does not prevent other cardiac arrhythmias. The 
onset of action is from three to ten minutes following intravenous or intramuscular administration. The 
full effect, however, may not be apparent for 30 minutes. The duration of the sedative and tranquilizing 
effects generally is two to four hours. Alteration of consciousness may persist as long as 12 hours. This is 
in contrast to the much shorter duration of fentanyl. 

INDICATIONS: INNOVAR injection is indicated to produce tranquilization and analgesia for surgical 
and diagnostic procedures. It may be used as an anesthetic premedication, for the induction of anesthesia, 
and as an adjunct in the maintenance of general and regional anesthesia. If the supplementation of 
analgesia is necessary, SUBLIMAZE® (fentanyl) injection alone rather than the combination drug 
INNOVAR injection, should usually be used: see Dosage and Administration Section 
CONTRAINDICATIONS: INNOVAR injection is contraindicated in patients with known intolerance 
to either component. 

WARNINGS: AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED 
INNOVAR INJECTION SHOULD HAVE APPROPRIATE SURVEILLANCE. RESUSCITATI VE 
EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO MAN- 
AGE APNEA. 

See also discussion of narcotic antagonists in PRECAUTIONS and O VERDOSAGE. 

FLUIDS AND OTHER COUNTERMEASURES TO MANAGE HYPOTENSION SHOULD ALSO BE 
AVAILABLE. 


The respiratory depressant effect of narcotics persists longer than the measured analgesic effect. When 
used with INNOVAR injection, the total dose of all narcotic analgesics administered should be consid- 
ered by the practitioner before ordering narcotic analgesics during recovery from anesthesia. It is rec- 
ommended that narcotics, when required, be used in reduced doses initially, as low ay *a to s those 
usually recommended. 

INNOVAR injection may cause muscle rigidity, particularly involving the musi les of respiration. This 
effect is due to the fentanyl component and is related to the speed of injection. Its incidence can be 
reduced by the use of slow intravenous injection. Once the effect occurs, it is managed by the use of 
assisted or controlled respiration and. if necessary, by a neuromuscular blocking agent « ompatible with 
the patient's condition. 

Drug Dependence: Fentanyl, the narcotic analgesic component, can produce drug dependence of the 
morphine type and therefore has the potential for being abused. 

Severe and unpredictable potentiation bys MAO inhibitors has been reported with narcotic analgesics. 
Since the safety of fentanyl in this regard has not been established, the use of INNOVAR injection or 
SUBLIMAZE (fentanyl) in patients who have received MAO inhibitors within 14 days ts not recom- 
mended. 

Head Injuries and Increased Intracranial Pressure: INNOVAR injection should be used with caution in 
patients who may be particularly susceptible to respiratory depression such as comatose patients who 
may have a head injury or brain tumor. In addition, INNOVAR injection may obscure the clinical course 
of patients with head injury. 

Usage in Children: The safety of INNOVAR injection in children younger than two years of age has not 
been established. 

Usage in is oa d The safe use of INNOVAR injection has not been established with respect to possi- 
ble adverse effects upon fetal development. Therefore, it should be used in women of childbearing poten- 
tial only when, in the judgment of the physician, the potential benefits outweigh the possible hazards. 
There are insufficient data regarding placental transfer and fetal effects; therefore, safety for the infant in 
obstetrics has not been established. 

PRECAUTIONS: The initial dose of INNOVAR injection should be appropriately reduced in elderly, 
debilitated and other poor-risk patients. The effect of the initial dose should be considered in determining 
incremental doses. 

Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetics, can 
alter respiration by blocking intercostal nerves, and can cause peripheral vasodilation and hypotension 
because of sympathetic blockade. Through other mechanisms (see Actions), fentanyl and droperidol also 
depress respiration and blood pressure. Therefore, when INNOVAR injection is used to supplement these 
forms of anesthesia, the anesthetist must be familiar with the physiological alterations involved, and be 
prepared to manage them in the patients selected for this form of anesthesia. 

If hypotension occurs, the possibility of hypovolemia should be considered and managed with appropri- 
ate parenteral fluid therapy. Repositioning the patient to improve venous return to the heart should be 
considered when operative conditions permit. It should be noted that in spinal and peridural anesthesia. 
tilting the patient into a head down position may result in a higher level of anesthesia than is desirable. as 
well as impair venous return to the heart. Care should be exercised in the moving and positioning of 
patients because of a possibility of orthostatic hypotension. If volume expansion with fluids plus these 
other countermeasures do not correct the hypotension, then the administration of pressor agents other 
than epinephrine should be considered. Epinephrine may paradoxically decrease the blood pressure in 
patients treated with INNOVAR injection due to the alpha-adrenergic blocking action ot droperidol. 


The droperidol component of INNOVAR injection may decrease pulmonary arterial pressure. This fact 
should be considered by those who conduct diagnostic or surgical procedures where interpretation of pul- 
monary arterial pressure measurements might determine final management of the patient. 

Vital signs should be monitored routinely. 

INNOVAR injection. and SUBLIMAZE (fentanyl), should be used with caution in patients with chronic 
obstructive pulmonary disease. patients with decreased respiratory reserve, and others with potentially 
compromised ventilation. In such patients narcotics may additionally decrease respiratory drive and 
increase airway resistance. During anesthesia this can be managed by assisted or controlled respiration. 
Postoperative respiratory depression caused by narcotic analgesics can be reversed by narcotic antago- 
nists. Appropriate surveillance should be maintained because the duration of respiratory depression of 
doses of fentanyl (as SUBLIMAZE (fentanyl) or INNOVAR) employed during anesthesia may be longer 
than the duration of the narcotic antagonist action. Consult individual prescribing information (levallor- 
phan, nalorphine and naloxone) before employing narcotic antagonists. 

Should respiration be compromised by muscle rigidity, assisted or controlled respiration and possibly a 
neuromuscular blocking agent will be required. The occurrence of muscle rigidity is related to the speed 
of intravenous injection and the incidence can be reduced by slow intravenous injection 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and general anesthetics) have 
additive or potentiating effects with INNOVAR injection. When patients have received such drugs, the 
dose of INNOVAR injection required will be less than usual. Likewise, following the administration of 
INNOVAR injection, the dose of other CNS depressant drugs should be reduced. 

INNOVAR injection should be administered with caution to patients with liver and kidney dysfunction 
because of the importance of these organs in the metabolism and excretion of drugs. 

The fentanyl component may produce bradycardia, which may be treated with atropine, however, 
INNOVAR injection should be used with caution in patients with cardiac bradyarrhythmias. 

When the EEG is used for postoperative monitoring. it may be found that the EEG pattern returns to nor- 
mal slowly. 

ADVERSE REACTIONS: The most common serious adverse reactions reported to occur with 
INNOVAR injection are respiratory depression, apnea. muscular rigidity, and hypotension, if these 
remain untreated, respiratory arrest, circulatory depression or cardiac arrest could occur 

Extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have been observed following 
administration of INNOVAR injection. Restlessness, hyperactivity and anxiety which can be either the 
result of inadequate tranquilization or part of the symptom complex of akathisia may occur. When 
extrapyramidal symptoms occur, they can usually be controlled with anti-Parkinson agents 

Elevated blood pressure. with and without preexisting hypertension, has been reported following admin- 
istration of INNOVAR injection. This might be due to unexplained alterations of sympathetic activity fol- 
lowing large doses: however, it is also frequently attributed to anesthetic or surgical stimulation during 
light anesthesia. 

Other adverse reactions that have been reported are dizziness, chills and/or shivering, twitching, blurred 
vision, laryngospasm, bronchospasm, bradycardia. tachycardia, nausea and emesis. diaphoresis, 
emergence delirium, and postoperative hallucinatory episodes (sometimes associated with transient 
periods of mental depression) 

Postoperative drowsiness is also frequently reported. 

DOSAGE AND ADMINISTRATION: Dosage should be individualized. Some of the factors to be con- 
sidered in determining dose are age, body weight. physical status, underlying pathological condition, use 
of other drugs, the type of anesthesia to be used, and the surgical procedure involved. 

Vital signs should be monitored routinely. 

Most patients who have received INNOVAR injection do not require narcotic analgesics during the 
immediate postoperative period. It is recommended that narcotic analgesics, when required, be used ini- 
tially in reduced doses, as low as 4 to '^ those usually recommended. 

Usual Adult Dosage: 

|. Premedication—to be appropriately modified in the elderly, debilitated, and those who have received 
other depressant drugs)—0.5 to 2.0 ml. may be administered intramuscularly 45 to 60 minutes prior to 
surgery with or without atropine 

Il. Adjunct 10. General Anesthesia -Induction—| ml- per 20 to 25 pounds of body weight,may be 
administered slowly intravenously. Smaller doses may be adequate 

The total amount of INNOVAR injection administered should be carefully titrated to obtain the desired 
effect based on the individual patient's response. 

There are several methods of administration of INNOVAR injection for induction of anesthesia. 

A. Intravenous injection— To allow for the variable needs of patients INNOVAR injection may be 
administered intravenously in fractional pa.ts of the calculated dose. With the onset of somnolence, the 
general anesthetic may be administered 

B. Intravenous drip—10 ml. of INNOVAR injection are added to 250 ml. of 5% dextrose in water and 
the drip given rapidly until the onset of somnolence. At that time. the drip may be either slowed or 
stopped and the general anesthetic administered. 

Maintenance —INNOVAR injection is not indicated as the sole agent for the maintenance of surgical 
anesthesia. It is customarily used in combination with other measures such as nitrous oxide-oxygen, 
other inhalation anesthetics, and/or topical or regional anesthesia. 

To prevent the possibility of excessive accumulation of the relatively long-acting droperidol component, 
SUBLIMAZE (fentanyl) alone should be used in increments of 0.025 to 0.05 mg. (0.5 to 1.0 ml. for the 
maintenance of analgesia in patients initially given INNOVAR injection as an adjunct to general anesthe- 
sia. (See SUBLIMAZE (fentanyl) package insert for additional prescribing information.) However, in 
prolonged operations, additional 0.5 to 1.0 ml. amounts of INNOVAR injection may be administered 
with caution intravenously if changes in the patient's condition indicate lightening of tranguilization and 
analgesia 

HL. Use Without a General Anesthetic in Diagnostic Procedures — Administer the usual I.M. premedica- 
tion (0.5 to 2.0 ml.) 45 to 60 minutes before the procedure. To prevent the possibility of excessive 
accumulation of the relatively long-acting droperidol component. SUBLIMAZE (fentanyl) alone should 
be used in increments of 0.025 to 0.05 mg. (0.5 to 1.0 ml.) for the maintenance of analgesia in patients 
initially given INNOVAR injection. (See SUBLIMAZE (fentanyl) package insert for additional informa- 
tion). However, in prolonged operations, additional 0.5 to 1.0 ml. amounts of INNOVAR injection may 
be administered with caution intravenously if changes in the patient's condition indicate lightening of 
tranquilization and analgesia. 

Note: When INNOVAR injection is used in certain procedures such as bronchoscopy. appropriate topical 
anesthesia is still necessary 

IV. Adjunct to Regional Anesthesia —1 to 2 ml. may be administered intramuscularly or slowly 
intravenously when additional sedation and analgesia are required. 


Usual Children's Dosage: 

l. Premedication—O.25 ml. per 20 Ibs. body weight administered intramuscularly 45 to 60 minutes prior 
to surgery with or without atropine. 

HL. Adjunct ro General Anesthesia —The total combined dose for induction and maintenance averages 0.5 
ml. per 20 Ibs. body weight. Following induction with INNOVAR injection. SUBLIMAZE (fentanyl) 
alone in a dose of % to '^ that recommended in the adult dosage section should usually be used when 
indicated to avoid the possibility of excessive accumulation of droperidol. However, in prolonged opera- 
tions, additional increments of INNOVA injection may be administered with caution when changes in 
the patient's condition indicate lightening of tranquilization and analgesia. 

See Warnings and Precautions for use of INNOVAR injection with other CNS depressants, and in 
patients with altered response 

OVERDOSAGE: Manifestations: The manifestations of INNOVAR injection overdosage are an exten- 
sion of its pharmacologic actions. 

Treatment: |n the presence of hypoventilation or apnea. oxygen should be administered and respiration 
should be assisted or controlled as indicated. A patent airway must be maintained: an oropharyngeal 
airway or endotracheal tube might be indicated. If depressed respiration is associated with muscular 
rigidity, an intravenous neuromuscular blocking agent might be required to facilitate assisted or con- 
trolled respiration. The patient should be carefully observed for 24 hours; body warmth and adequate 
fluid intake should be maintained. If hypotension occurs and is severe or persists, the possibility of 
hypovolemia should be considered and managed with appropriate parenteral fluid therapy. A specific nar- 
cotic antagonist such as nalorphine. levallorphan or naloxone should be available for use as indicated to 
manage respiratory depression caused by the narcotic component fentanyl. This does not preclude the use 
of more immediate counter-measures. The duration of respiratory depression following overdose of fen- 
tany! may be longer than the duration of narcotic antagonist action, Consult the package inserts of the 
individual narcotic antagonists for details about use. 

HOW SUPPLIED: INNOVAR * injection is supplied in 2 ml. and 5 ml. ampuls. in packages of 10 

U.S. Patent No. 3.141.823 Rev. 1/80 


Sublimaze (fentanyl) injection € & 


DESCRIPTION: Each ml. contains: 
Femanyl ........useueu 
às the citrate 


2s» DUO mg. 


Warning: May be habit forming. 
Sodium hydroxide for adjustment of pH to 4.0-7.5. 
FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 


ACTIONS: SUBLIMAZE (fentanyl) is a narcotic analgesic with actions qualitatively similar to those of 
morphine and meperidine. SUBLIMAZE (fentanyl) in a dose of 0.1 mg. (2.0 ml.) is approximately 
equivalent in analgesic activity to 10 mg. of morphine or 75 mg. of meperidine. The principal actions of 
therapeutic value are analgesia and sedation. Alterations in respiratory rate and alveolar ventilation, 
associated with narcotic analgesics. may last longer than the analgesic effect. As the dose of narcotic is 
increased, the decrease in pulmonary exchange becomes greater. Large doses may produce apnea. 
SUBLIMAZE (fentanyl) appears to have less emetic activity than other narcotic analgesics. Histamine 
assays and skin wheal testing in man. as well as in in vivo testing in dogs, indicate that histamine release 
rarely occurs with SUBLIMAZE (fentanyl). 
SUBLIMAZE (fentanyl) may cause muscle rigidity, particularly involving the muscles of respiration. It 
may also produce other signs and symptoms characteristic of narcotic analgesics including euphoria, 
miosis, bradycardia, and bronchoconstriction. 
The onset of action of SUBLIMAZE (fentanyl) is almost immediate when the drug is given intraven- 
ously; however, the maximal analgesic and respiratory depressant effect may not be noted for several 
minutes. The usual duration of action of the analgesic effect is 30 to 60 minutes after a single I. V. dose of 
up to 0.1 mg. Following intramuscular administration, the onset of action is from seven to eight minutes, 
and the duration of action is one to two hours. As with longer acting narcotic analgesics, the duration of 
the respiratory depressant effect of SUBLIMAZE (fentanyl) may be longer than the analgesic effect. The 
following observations have been reported concerning altered respiratory response to CO» stimulation 
following administration of fentanyl to man: 

I. DIMINISHED SENSITIVITY TO CO: STIMULATION MAY PERSIST LONGER THAN 

DEPRESSION OF RESPIRATORY RATE. Fentanyl frequently slows the respiratory rate, but this 

effect is seldom noted for over 30 minutes regardless of the dose administered. 

2. Duration and degree of respiratory depression is dose related. 

3. The peak respiratory depressant effect of a single intravenous dose of fentanyl is noted 5 to 15 minutes 

following injection. 

4. Altered sensitivity to CO: stimulation has been demonstrated for up to four hours following a single 

intravenous dose of 0.6 mg. (12 ml.) fentanyl to healthy volunteers. 

See also WARNINGS and PRECAUTIONS concerning respiratory depression. 

INDICATIONS: SUBLIMAZE (fentanyl) is indicated: 

— for analgesic action of short duration during the anesthetic periods, premedication, induction, and 
maintenance, and in the immediate post-operative period (recovery room) as the need arises 

— for use as a narcotic analgesic supplement in general or regional anesthesia. 

— for administration with a neuroleptic such as /NAPS/NE* (droperidol) injection as an anesthetic 
premedication, for the induction of anesthesia and as an adjunct in the maintenance of general and 
regional anesthesia. 

CONTRAINDICATIONS: SUBLIMAZE (fentanyl) is contraindicated in patients with known intoler- 
ance to the drug. 
WARNINGS: AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED 
SUBLIMAZE (FENTANYL) SHOULD HAVE APPROPRIATE SURVEILLANCE. RESUSCITA- 
TIVE EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO 
MANAGE APNEA. 
See also discussion of narcotic antagonists in Precautions and Overdosage. 
If SUBLIMAZE (fentanyl) is administered with a tranquilizer such as /NAPS/NE (droperidol), the user 
should familiarize himself with the special properties of each drug, particularly the widely differing dura- 
tions of action. In addition, when such a combination is used fluids and other countermeasures to 
manage hypotension should be available. 
As with other potent narcotics, the respiratory. depressant effect of SUBLIMAZE (fentanyl) persists 
longer than the measured analgesic effect. The total dose of all narcotic analgesics administered should 
be considered by the practitioner before ordering narcotic analgesics during recovery from anesthesia. 
It is recommended that narcotics, when required, should be used in reduced doses initially, as low as “A 
to s those usually recommended. SUBLIMAZE (fentanyl) may cause muscle rigidity, particularly 
involving the muscles of respiration. The effect is related to the speed of injection and its incidence can 
be reduced by the use of slow intravenous injection. Once the effect occurs, it is managed by the use of 
assisted or controlled respiration and. if necessary, by a neuromuscular blocking agent compatible with 
the patient s condition. 
Drug Dependence: SUBLIMAZE (fentanyl) can produce drug dependence of the morphine type and 
therefore has the potential for being abused. 
Severe and unpredictable potentiation by MAO inhibitors has been reported with narcotic analgesics. 
Since the safety of fentanyl in this regard has not been established, the use of SUBLIMAZE (fentanyl) in 
patients who have received MAO inhibitors within 14 days is not recommended. 
Head Injuries and Increased Intracranial Pressure: SUBLIMAZE (fentanyl) should be used with cau- 
tion in patients who may be particularly susceptible to respiratory depression, such as comatose patients 
who may have a head injury or brain tumor. In addition. SUBLIMAZE (fentanyl) may obscure the 
clinical course of patients with head injury. 
Usage in Children: The safety of SUBLIMAZE (fentanyl) in children younger than two years of age has 
not been established. 
Usage in Pregnancy: The safe use of SUBLIMAZE (fentanyl) has not been established with respect to 
possible adverse effects upon fetal development. Therefore, it should be used in women of childbearing 
potential only when, in the judgment of the physician, the potential benefits outweigh the possible haz- 
ards. There are insufficient data regarding placental transfer and fetal effects; therefore. safety for the 
infant in obstetrics has not been established. 
PRECAUTIONS: The initial dose of SUBLIMAZE (fentanyl) should be appropriately reduced in 
elderly, debilitated and other poor-risk patients. The effect of the initial dose should be considered in 
determining incremental doses. 
Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetics, can 
alter respiration by blocking intercostal nerves. Through other mechanisms (see Actions) SUBLIMAZE 
(fentanyl) can also alter respiration. Therefore. when SUBLIMAZE (fentanyl) is used to supplement 
these forms of anesthesia, the anesthetist should be familiar with the physiological alterations involved, 
and be prepared to manage them in the patients selected for these forms of anesthesia. When used with a 
tranquilizer such as /NAPSINE (droperidol), blood pressure may be altered and hypotension can occur. 
Vital signs should be monitored routinely. 
SUBLIMAZE (fentanyl) should be used with caution in patients. with chronic obstructive pulmonary 
disease, patients with decreased respiratory reserve, and others with potentially compromised respira- 
tion. In such patients, narcotics may additionally decrease respiratory drive and increase airw ay resis- 
ance. During anesthesia, this can be managed by assisted or controlled respiration. Respiratory 
depression caused by narcotic analgesics can be reversed by narcotic antagonists. Appropriate sur- 
veillance should be maintained because the duration of respiratory depression of doses of fentanyl 
employed during anesthesia may be longer than the duration of the narcotic antagonist action. Consult 
individual prescribing information (levallorphan, nalorphine and naloxone) before employing narcotic 
antagonists. 

When a tranquilizer such as /NAPSINE (droperidol) is used with SUBLIMAZE (fentanyl), pulmonary 

arterial pressure may be decreased. This fact should be considered by those who conduct diagnostic and 

Surgical procedures where interpretation of pulmonary arterial pressure measurements might determine 

final management of the patient. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics. and general anesthetics) will 

have additive or potentiating effects with SUBLIMAZE (fentanyl). When patients have received such 

drugs, the dose of SUBLIMAZE (fentanyl) required will be less than usual. Likewise. following the 
administration of SUBLIMAZE (fentanyl), the dose of other CNS depressant drugs should be reduced. 


SUBLIMAZE (fentanyl) should be administered with caution to patients with liver and kidney dysfunc- 
tion because of the importance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE (fentanyl) may produce bradycardia, which may be treated with atropine; however, 
SUBLIMAZE (fentanyl) should be used with caution in patients with cardiac bradyarrhythmias 

When SUBLIMAZE (fentanyl) is used with a tranquilizer such as /NAPSINE (droperidol), hypotension 
can occur. If this oecurs, the possibility of hypovolemia should be considered and managed with appro- 
priate parenteral fluid therapy. Repositioning the patient to improve venous return to the heart should be 
considered when operative conditions permit. Care should be exercised in moving and positioning of 
patients because of the possibility of orthostatic hypotension. If volume expansion with fluids plus other 
countermeasures do not correct hypotension, the administration of pressor agents other than epinephrine 


Should be considered. Because of the alpha-adrenergic blocking action of /NAPS/NE (droperidol), 
epinephrine may paradoxically decrease the blood pressure in patients treated with /NAPSINE (droperi- 
del). When INAPSINE (droperidol) is used with SUBLIMAZE (fentanyl) and the EEG is used for post- 
operative monitoring. it may be found that the EEG pattern returns to normal slowly. 


ADVERSE REACTIONS: As with other narcotic analgesics, the most common serious adverse reac- 
tions reported to occur with SUBLIMAZE (fentanyl) are respiratory depression, apnea, muscular rigid- 
ity, and bradycardia; if these remain untreated. respiratory arrest, circulatory depression or cardiac arrest 
could occur. Other adverse reactions that have been reported are hypotension, dizziness. blurred vision, 
nausea, emesis, laryngospasm, and diaphoresis. 

When a tranquilizer such as /NAPSINE (droperidol) is used with SUBLIMAZE (fentanyl), the following 
adverse reactions can occur: chills and/or shivering. restlessness, and postoperative hallucinatory epi- 
sodes (sometimes associated with transient periods of mental depression); extrapyramidal symptoms 
(dystonia, akathisia, and oculogyric crisis) have been observed up to 24 hours postoperatively. When 
they occur, extrapyramidal symptoms can usually be controlled with anti-parkinson agents. Postopera- 
tive drowsiness is also frequently reported following the use of /NAPSINE (droperidol), 

Elevated blood pressure, with and without preexisting hypertension, has been reported following 
administration of SUBLIMAZE (fentanyl) combined with INAPSINE (droperidol). This might be due to 
unexplained alterations in sympathetic activity following large doses; however, it is also frequently 
attributed to anesthetic and surgical stimulation during light anesthesia. 

DOSAGE AND ADMINISTRATION: Dosage should be individualized. Some of the factors to be con- 
sidered in determining the dose are age, body weight, physical status, underlying pathological condition, 
use of other drugs, type of anesthesia to be used, and the surgical procedure involved. 

Vital signs should be monitored routinely. 

Usual Adult Dosage: 

l. Premedication (to be appropriately modified in the elderly, debilitated, and those who have received 
other depressant drugs)—0.05 to 0.1 mg. (1 to 2 ml.) may be administered intramuscularly 30 to 60 
minutes prior tœsurgery. 

I. Adjunct to General Anesthesia Induction —0.05 to 0.1 mg. (1 to 2 ml.) may be administered initially 
intravenously and may be repeated at 2 to 3 minute intervals until desired effect is achieved. A reduced 
dose as low as 09025 to 0.05 mg. (0.5 to | ml.) is recommended in elderly and poor-risk patients. 
Maintenance —0.025 to 0.05 mg. (0.5 to | ml.) may be administered intravenously or intramuscularly 
when movement and/or changes in vital signs indicate surgical stress or lightening of analgesia. 

If /NNOVAR® injection is administered in addition to SUBLIMAZE (fentanyl), the calculation of the 
recommended dose of SUBLIMAZE (fentanyl) should include the fentanyl contained in the /NNOVAR 
injection. See /NNOVAR injection Package Insert for full prescribing information. 

IH. Adjunct to Regional Anesthesia —0.05 to 0.1 mg. (I to 2 ml.) may be administered intramuscularly 
or slowly intravenously when additional analgesia is required. 

I V. Postoperatively (recovery room) —0.08 to 0.1 mg. (1 to 2 ml.) may be administered intramuscularly 
for the control of pain, tachypnea and emergence delirium. The dose may be repeated in one to two hours 
as needed. 

Usual Children's Dosage: For induction and maintenance in children two to 12 years of age, a reduced 
dose as low as 0.02 to 0.03 mg. (0.4 to 0.6 ml.) per 20 to 25 pounds is recommended. See Warnings and 
Precautions for use of SUBLIMAZE (fentanyl) with other CNS depressants, and in patients with altered 
response. 


OVERDOSAGE: Manifestations: The manifestations of SUBLIMAZE (fentanyl) overdosage are an 
extension of its pharmacologic actions. 

Treatment: in the presence of hypoventilation or apnea, oxygen should be administered and respiration 
should be assisted or controlled as indicated. A patent airway must be maintained; an oropharyngeal 
airway or endotracheal tube might be indicated. If depressed respiration is associated with muscular 
rigidity, an intravenous neuromuscular blocking agent might be required to facilitate assisted or con- 
trolled respiration. The patient should be carefully observed for 24 hours; body warmth and adequate 
fluid intake should be maintained. If hypotension occurs and is severe or persists, the possibility of 
hypovolemia should be considered and managed with appropriate parenteral fluid therapy. A specific nar- 
cot antagonist such as nalorphine, levallorphan, or naloxone should be available for use as indicated to 
manage respiratory depression. This does not preclude the use of more immediate countermeasures. The 
duration of respiratory depression following overdosage of fentanyl may be longer than the duration of 
narcotic antagonist action. Consult the package insert of the individual narcotic antagonists for details 
about use. 

HOW SUPPLIED: 2 ml. and 5 ml. ampuls — packages of 10. 
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ANESTH ANALG 
59:639-643, 1980 


Tachyphylaxis and Phase II Block 


Development during Infusion of 


Succinylcholine in Children 
Timothy H. DeCook, MD,* and Nishan G. Goudsouzian, MDT 





DeCook, T. H., AND GOUDSOUZIAN, N. G.: Tachyphylaxis and phase Il block development 
during infusion of succinylcholine. Anesth Analg 59:639-643, 1980. 


Contraction of the adductor of the thumb in response to ulnar nerve stimulation during 
continuous infusion of succinylcholine (SCh) was evaluated in 22 children anesthetized with 
halothane (196 to 1.5%) and N20/0;. Twitch rates of 0.1 Hz were used to evaluate the force 
of contraction. Train-of-four stimulation (2 Hz for 2 seconds) was used to differentiate between 
phase | and phase II block. Tachyphylaxis to the effects of SCh occurred in 23 + 2 minutes in 
all children at a mean (+ SE) dose of 3.0 + 0.4 mg/kg of SCh. In 21 of the 22 children, 
phase Il block, as defined by a train-of-four ratio less than, 5096, occurred in 29 + 5 minutes 
after 4.1 + 0.6 mg/kg of SCh. A mean dose of 10.3 + 0.6 mg/kg of SCh administered in a 
span of 71 + 5 minutes produced a mean train-of-four ratio of 12 + 5%. The recovery from 
phase II block after 10.3 + 0.6 mg/kg of SCh to train-of-four ratios of 50% and 75% was 16 
+ 3 minutes and 41 + 5 minutes, respectively. Caution should be used when more than 3 
mg/kg of SCh is infused intravenously; adequate neuromuscular monitoring should be availa- 
ble and ampie time should be given for spontaneous recovery. 


Key Words: NEUROMUSCULAR RELAXANTS: succinylcholine; ANESTHESIA: pediatric; MONITORING: stimulator, 


nerve, train-of-four. 





UCCINYLCHOLINE (SCh) is frequently used in 

children to facilitate endotracheal intubation; it 
is also used as a continuous infusion to provide 
muscular relaxation throughout surgical procedures. 
The neuromuscular"? and cardiovascular changes 
following a single intravenous dose have been ade- 
quately investigated in children. However, the effects 
of the drug during continuous administration have 
not been evaluated. Our clinical experience with re- 
peated administration has been that for the same 
degree of relaxation, children require less succinyl- 
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choline at the beginning of the procedure than near 
the end. 

In adults, increased dosage and duration of admin- 
istration of succinylcholine results in prolonged neu- 
romuscular blockade secondary to the development 
of phase II block. Tachyphylaxis has also been re- 
ported in some situations.” ® 

Train-of-four monitoring has been proven to be a 
valuable guide in differentiating phase I from phase 
II neuromuscular blockade.^ ? Phase I block produces 
equal inhibition of all four twitches in a given train 
Whereas phase II block is characterized by marked 
-eduction in the relative height of the fourth to the 
first twitch (T4/T)), i.e., fade. A major advantage of 
the train-of-four method over the tetanus technique 
is that it can be repeated every 10 seconds without 
any undue fatigue occurring in the muscle and with- 
out affecting the course of neuromuscular blockade.” 

The present study was undertaken to evaluate the 
neuromuscular status of children during the contin- 
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uous administration of succinylcholine by recording 
the force of contraction of the thumb adduction in 
response to supramaximal ulnar nerve stimulation at 
the wrist. Twitch rates of stimulation (0.1 Hz) were 
used to determine the degree of muscular relaxation, 
and the train-of-four method was used to differentiate 
between phase I and phase II blocks. 


Methods 


Twenty-two A.S.A. I children, 1 to 15 years old, 
undergoing a variety of elective abdominal and tho- 
racic surgical procedures were studied. The children 
were premedicated with rectal methohexital, 20 to 25 
mg/kg 10 to 20 minutes prior to induction of anes- 
thesia. Anesthesia was induced by a face mask with 
N3O/O. at a flow rate of 3.5/1.5 L/min followed by 
gradual increase in halothane concentration until the 
abolition of the eyelid reflex and the establishment of 
adequate airway. Monitoring was performed by a 
blood pressure cuff, precordial and/or esophageal 
stethoscope, oral temperature probe, and ECG. Intra- 
venous fluids consisted of dextrose 5% in lactated 
Ringer's solution infused through a peripheral vein in 
the hand. Rates of fluid administration were calcu- 
lated according to our standard formulas. None of 
these children had received any antibiotics; none had 
any neuromuscular disease. 

The force of contraction of the adductor pollicis 
was measured using a Grass FT-03 force displacement 
transducer and a Grass polygraph (model 76). Square 
wave single supramaximal stimuli of 0.2 msec dura- 
tion at a frequency of 0.1 Hz were delivered at the 
wrist by surface electrodes. The electrical impulses 
were generated by a Grass 544 stimulator with an 
isolation unit (Grass SI45). Intermittently, train-of- 
four stimuli (2 Hz for 2 seconds) were alternated with 
the single stimuli to measure train-of-four ratios (T4/ 
T). 

The 22 children were divided into two equal 
groups, according to the drug used for endotracheal 
intubation: Group 1 (11 children) received atropine 
(0.01 mg/kg) followed by 1 mg/kg of succinylcholine 
given intravenously at an inspired halothane concen- 
tration of 1%. Group 2 (11 children) did not receive 
succinylcholine for the facilitation of endotracheal 
intubation. The latter was performed at a higher 
inspired halothane concentration (4%). 

During the surgical procedure, the inspired halo- 
thane concentration was maintained at 1% to 1.5%. 
For surgical relaxation, intravenous SCh 0.296 (2 mg/ 
ml) was infused by an I MED (model 92ZO) volu- 
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metric infusion pump at rates starting at 5.0 mg/kg/ 


hr (83 ug/kg/min) and increased by increments of 2.5 
mg/kg/hr (41 ug/kg/min) according to surgical needs 
and the twitch response. In Group 1 patients, the 
single twitch was allowed to recover spontaneously to 
control height before the start of continuous infusion 
of SCh. SCh infusion was discontinued whenever 
surgical relaxation was not required. 

Tachyphylaxis was defined as being present when 
the twitch height started to recover and its amplitude 
increased more than 1096 of the basal value despite 
the continuous infusion of SCh at a constant rate. The 
criterion for development of phase II block was cho- 
sen as the point where the fourth twitch (T4) in a 
train-of-four response became less than 50% of the . 
height of the first twitch (T1) in the same train (T4/Ti 
« 50%). 

Statistical analysis was performed by using the 
noncorrelated Student’s t-tests. The data were consid- 
ered significantly different when p values were less 
than 5%. 


Results 


The typical response of a child in group 1 is de- 
picted in Fig 1. The initial bolus dose 1 mg/kg of SCh 
led to complete absence of twitch response for 2% 
minutes; it recovered to its original height in the next , 
3 minutes. Starting the SCh drip at 5 mg/kg/hr led to 
70% depression of the twitch; at that point, the train- 
of-four ratio was 75%. Increasing the rate of infusion 
to 7.5 mg/kg/hr led to complete absence of the twitch. 





Fig 1. Typical recording from a child receiving SCh drip. Note 
the occurrence of tachyphylaxis despite the continuation of the 
infusion. (Explanation in the text.) 
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After 20 minutes, despite the continuous infusion, the 
twitch started to recover, indicating the occurrence of 
tachyphylaxis; at that point, the child had received a 
total of 3 mg/kg of succinylcholine. The train-of-four 
ratio was 50% indicating the establishment of phase 
II block. As the twitch started to recover and relaxa- 
tion became inadequate, the rate of SCh infusion was 
increased to 10 mg/kg/hr. This led to an accentuation 
of phase II block, as evidenced by decrease in the 
train-of-four ratio to 11%. When further relaxation 
was needed, the infusion rate was increased to 12.5 
mg/kg/hr which produced a train-of-four ratio of 1%. 
Discontinuance of the SCh drip led to initial rapid 
recovery which slowed as the twitch height increased. 
Ten minutes after stopping the drug, the train-of-four 
returned to 56% which gradually improved further to 
76% after another 40 minutes. 

Tachyphylaxis to the effects of the drug occurred 
in all 22 patients studied. Phase II block occurred in 
21 of the 22 patients studied. The one patient who 


TABLE 1 


Dose and Duration of Succinyicholine (SCh) Infusion for 
Onset of Tachyphylaxis and Phase ll Block in Children* 


Total dose — Duration of Total dose Duration of 
of SChto Sch infusion of Sch to SCh infu- 
Group onset of to onset of onset of sion to on- 
tachyphy- tachyphy- phase Il set of phase 
laxis laxis block li block 
mg/kg min mg/kg min 
1 3.5 ż 0.3 22 +3 5.2 + 1.0 29 +4 2 
(2.3-5.4) (12-44)  (2.1-12.8) (9-68) 
2 2.4 0.7 25 +3 2.9 + 0.4 29 +6 
(0.8-6.2) (8-42)  (1.6-5.2) (18-38) 
Mean of 3.0 + 0.4 23 0-2 4.1 + 0.6 29 X5 
groups 1 . . 
and 2 


* Values shown are means + standard errors. Range is 
shown in parentheses. 


TABLE 2 


did not demonstrate phase II block had received 4.5 
mg/kg of SCh when surgery terminated; at this stage, 
he had developed tachyphylaxis but not phase II 
block. Fifteen patients developed tachyphylaxis be- 
fore the occurrence of phase II block; the reverse 
occurred in the other six. 

Children in group 1 received SCh (1 mg/kg) for 
endotracheal intubation, 19.2 + 3.5 minutes before 
the start of SCh infusion. If this 1 mg/kg is taken into 
account, we find no significant difference between 
group 1 and group 2 in the mean dose of SCh leading 
to tachyphylaxis and phase II block (Table 1). Also, 
the duration of SCh drip at which tachyphylaxis and 
phase II block occurred, was comparable in the two 
groups. 

Satisfactory recovery from phase II block was slow. 
The train-of-four ratio returned from 15 + 4 to 75% 
in 41 + 5 minutes. It occurred in two phases, an initial 
rapid phase followed by a slower one (Table 2). 

Extubation was achieved in all patients in the op- 
erating room at the end of the surgical procedure. All 
the children showed adequate recovery from the ef- 
fects of the relaxant as evidenced by good muscle 
tone, spontaneous movements of limbs, opening of 
the eyes, and adequate crying efforts in infants. The 
reversal on the twitch monitor was deemed adequate 
when the twitch was equal to the control value and 
the train-of-four ratio was 75% or more. 


Discussion 


In pediatric patients anesthetized with halothane, 
the continuous intravenous infusion of SCh resulted 
in tachyphylaxis in all patients studied. A mean dose 
of 3 mg/kg led to tachyphylaxis after 23 minutes of 
infusion of SCh. Phase II block, as defined by a train- 
of-four ratio less than 5096, occurred at a dose of 4 
mg/kg in 29 minutes. In 75% of the patients, tachy- 


Times to Recovery (in Minutes) of Train-of-Four Ratio after Discontinuation of Succinylcholine (SCh) Infusion* 


Total dose of SCh Duration of SCh 


Lowest + train-of- 


Recovery time from lowest train-of-four value to: 








Group taie : i 
administered infusion four recorded 2596 50% 7596 
mg/kg min 96 min 
1 10.5 € 1.2 62 t7 1846 3.2 + 0.5 16+4 43+6 
(4.5-16.4) (26-91) (5-50) (1-5) (4-34) (7-65) 
2 10.2 x 0.4 80 + 6 6+ 2 3.6 + 0.7 17 15 39 x9 
(8.4-13.4) (36-105) (1-19) (1-9) (2-37) (4-81) 
Mean of groups 1 and 2 10.3 + 0.6 4125 12:5 3.4+0.5 1629 41 +5 
* Values shown are means + standard error. Range is shown in parentheses. 
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phylaxis preceded phase II block; whereas, in the- 


other 25% of the patients, phase II occurred before 
tachyphylaxis. An intubating dose of 1 mg/kg of SCh 
given 20 minutes before the start of the SCh infusion 
had no significant effect on the occurrence of tachy- 
phylaxis and phase II block. 

There was wide variation in the response of the 
children to SCh. Tachyphylaxis occurred in one child 
after a small dose of SCh (0.8 mg/kg) within a short 
interval (8 minutes) whereas, in another child, it 
occurred in 19 minutes after 6.4 mg/kg of SCh. 
Similarly, the development of phase II block was 
unpredictable. In one child, it occurred after 1.6 mg/ 
kg of SCh, whereas, in another, it occurred after 6.4 
mg/kg of SCh despite the comparable infusion times 
(18 and 19 minutes, respectively). Also, the rate of 
transition from phase I to phase II block was unpre- 
dictable; e.g., in one patient T4,/T; ratio changed 
rapidly from 54% to 20% within 4 minutes. In another 
child, a similar change occurred in 30 minutes despite 
the fact that the rate of infusion of the second child 
was faster than in the first one (15 mg/kg/hr com- 
pared to 10 mg/kg/hr). 

Our results are in partial agreement with Lee? who 
found that in adults anesthetized with halothane 
N2O/O;,, 3.5 mg/kg of SCh resulted in phase II block 
(as defined by the Ts/Ti of less than 30%). In our 
study, 4 mg/kg of SCh led to a T4/T; of 5096. Also, 
Lee? found that tachyphylaxis occurred when the 
train-of-four was lower than 40%; in our study, tach- 
yphylaxis preceded phase II block in 75% of the 
patients. A possible explanation for this difference is 
that Lee administered SCh in increments whereas we 
administered the drug as a continuous infusion. 

Ramsey et al? in a recent study in adults showed 
that the development of phase II block with continu- 
ous SCh administration during N;O/O» anesthesia 
was a gradual process; the degree of fade to train-of- 
four stimulation progressed with continued infusion 
of the drug. They also found a great degree of indi- 
vidual variability similar to our findings. However, 
they found tachyphylaxis in only 2596 of their patients 
and it was independent of the type of block. In their 
study, phase II block occurred at a dose of 6.8 + 0.9 
mg/kg. The probable reason for the earlier occurrence 
of phase II block in our study and in Lee's study? in 
comparison to that of Ramsey et al? is the use of 
halothane, which is known to have membrane-stabi- 
— lizing effects. The effect of potent inhalational anes- 
thetics on neuromuscular response to succinylcholine 
needs further elucidation. 
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The recovery from phase II as evaluated by the 
increase in the train-of-four ratio occurred spontane- 
ously in all of our patients but was extremely variable 
from one patient to another. In some, adequate recov- 
ery (train-of-four ratio 27596) occurred within 3 min- 
utes whereas other patients required 81 minutes (Fig 
2). The initial rapid phase of recovery from the action 
of SCh can be explained in that the drug present in 
the blood is rapidly hydrolyzed by plasma cholines- 
terase whereas the second phase is delayed because 
of the binding of the drug to the myoneural junction 
or may be due to an inherent alteration of the receptor. 

Contrary to findings in adults, all of the children in 
our study recovered spontaneously from phase I] 
block provided they were given enough time (maxi- 
mum 81 minutes). In some adult studies, edrophon- 
ium has been given to hasten recovery of the phase II 
block.* ê Probable explanations include the fact that 
we limited our dose of SCh to a mean 10 mg/kg in 73 
minutes (maximum of 14 mg/kg in 105 minutes), that 
we monitored the twitch response and the train-of- 
four ratio closely, and that we discontinued the SCh 
drip early enough to allow spontaneous recovery. 

In conclusion, extreme caution should be used 
when SCh is given in an intravenous drip form in 
children anesthetized with halothane. When the total 
dose of SCh needed is more than 3 mg/kg, then 
monitoring of the twitch and train-of-four responses 
is extremely valuable. By this technique, the occur- 
rence of tachyphylaxis and phase II block can be 
adequately evaluated. Children can recover ade- 
quately from phase II block provided that enough 
time is given for spontaneous recovery. On the aver- 


13 mg/kg SCh in | 5min d 45min 55min 
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Fia 2. Recovery from phase Il block in two patients. Note the 
slow recovery in the upper recording and the more rapid recov- 
ery in the lower recording. 
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age, approximately 40 minutes is required for satis- 4. Mazze RI, Dunbar RW: Intralingual succinylcholine adminis- 


factory recovery from the effects of 10 mg /kg ot tration in children: an alternative to intravenous and intramus- 


; . , cular routes. Anesth Analg 47:605-612, 1968 
continuous infusion of SCh. 5. Lee C: Dose relationships of phase II, tachyphylaxis, and train- 


of-four fade in suxamethonium induced dual neuromuscular 
block in man. Br] Anaesth 47:841-845, 1975 
6. Ramsey FM, Lebowitz PW, Savarese JJ, et al: Clinical charac- 
teristics of long-term succinylcholine neuromuscular blockade 
during balanced anesthesia. Anesth Analg 59:110-116, 1980 
7. Savarese JJ, Ali HH, Murphy JD, et al: Train-of-four stimulation 
in the management of prolonged neuromuscular blockade 
following succinylcholine. Anesthesiology 42:106-111, 1975 
1. Cook DR, Fischer CG: Neuromuscular blocking effects of 8. Lee C, Chen D, Nagel EL, et al: Spontaneous recovery of the 
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Loss of Pulmonary Function after Pulmonary Resection 


Studies of regional pulmonary function using radioactive xenon gas and spirometric tests (forced 
vital capacity and forced expiratory volume in the first second) were performed before and after 
unilateral pulmonary resection for cancer of the lung. Ninety-one patients were evaluated; 47 
underwent pneumonectomy, and 44 underwent lobectomy. The postoperative serial evaluations were 
classified into short-term and long-term studies (less than or more than 3 months). The preoperative 
and postoperative data were utilized to derive formulas for predicting an estimate of the overall 
functional loss after pulmonary resection based on the number of segments removed. The correlation 
between the predicted and measured postoperative values was good for resections involving more 
than three segments (r — 0.83). Prediction for small resections was unreliable. While both regional 
and overall pulmonary functions were relatively stable after pneumonectomy, there was a dispropor- 
tionate early loss, followed by significant improvement with time following lobectomy. The antici- 
pation of, and preparation for, this early loss of function may be important in the treatment of these 
patients. (Ali MK, Mountain CF, Ewer MS, et al: Predicting loss of pulmonary function after 
pulmonary resection for bronchogenic carcinoma. Chest 77:337 -342, 1980) 
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Effect of Fentanyl on Myocardial 
Fatty Acid and Carbohydrate 
Metabolism and Oxygen Utilization 


during Experimental Ischemia 
G. J. van der Vusse, PhD,* W. A. Coumans,T R. Kruger,q C. Verlaan, and 


R. S. Reneman, MD, PhD 


VAN DER VUSSE, G. J., COUMANS, W. A., KRUGER, H., VERLAAN, C., AND RENEMAN, R. S.: Effect 
of fentanyl on myocardial fatty acid and carbohydrate metabolism and oxygen utilization 
during experimental ischemia. Anesth Analg 59:644-654, 1980. 


The effect of moderate doses of fentanyl (25 ug/kg IV) on free fatty acid metabolism and 
oxygen utilization of ischemic myocardium and on the release of substances associated with 
ischemic damage of this tissue, e.g., potassium and hydrogen ions, was studied in anesthe- 
tized dogs. The influence of this potent morphinomimetic on left ventricular hemodynamics, 
glycolysis, and phosphate release during myocardial ischemia was investigated as well. My- 
ocardial ischemia was induced by partial occlusion of the left interventricular artery. Fentanyl 
diminished the energy demand of the ischemic myocardium, mainly by decreasing heart rate, 
resulting in a decrease in lactate production and less pronounced release of potassium and 
hydrogen ions by this tissue. After the administration of fentanyl, arterial free fatty acid 
concentration decreased resulting in a diminished arteriolocal venous difference of this sub- 
- strate across the ischemic myocardium. Since the arteriolocal venous differences of glucose 
during ischemia remained unchanged by fentanyl, carbohydrate metabolism rather than con- 
version of lipid material became relatively more important for the ischemic myocardium. 
Utilization of oxygen by the ischemic tissue remained virtually unaffected by fentanyl. Al- 
though the present results should be extrapolated to the clinical situation with care, our 
observations suggest that use of fentanyl may benefit patients with myocardial ischemia 
during anesthesia. In such patients the diminished energy demand of the ischemic myocar- 
dium and the resulting decrease in acidity and reduced release of potassium and utilization of 
free fatty acids, as well as the possibility to suppress stress responses may protect the 
jeopardized myocardial tissue against further damage. These beneficial effects may also be 
Observed after the administration of other compounds that decrease heart rate and arterial 
blood pressure and hence the oxygen demand of the myocardium. 


Key Words: ANALGESICS: fentanyl; HEART: metabolism; METABOLISM: myocardial. 


ENTANYL, a potent morphinomimetic,! is com- 
monly used in anesthesiology as an analgesic, 
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mainly because of its large margin of safety and 
pharmacologic profile.” Fentanyl reduces, for exam- 
ple, the energy demand of normal? and ischemic 
myocardium." This reduction is caused mainly by the - 
negative chronotropic properties of the analgesic. In 
addition, fentanyl suppresses the hemodynamic? and 
biochemical’ responses to stimuli (stress) during an- 
esthesia in man. These beneficial properties are es- 


4 
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pecially important in patients with either coronary 
artery disease" or with acquired valvular heart 
disease.” 

To obtain more insight on the effects of fentanyl 
on myocardial metabolism during ischemia, the effect 
of fentanyl on free fatty acid metabolism, oxygen 
comsumption, and acidity of the ischemic myocar- 
dium and the release of potassium by this tissue was 
studied in anesthetized dogs. The effects of fentanyl 
on left ventricular hemodynamics, lactate formation, 
and phosphate release during myocardial ischemia 
were investigated as well for comparison of the pres- 
ent results with previous findings. Regional myocar- 
dial ischemia was induced by partial occlusion of the 
left interventricular artery. By inducing partial occlu- 
sion twice in each animal, it was possible to use each 
animal as its own control.” 


Materials and Methods 


Experimental Set-up 


The experiments were performed on mongrel dogs 
of either sex and unknown age weighing 22 to 30 kg 
each. The animals were premedicated intramuscularly 
with 10 mg of fluanisone and 200 pg of fentanyl 
citrate per kilogram of body weight as described 
previously. Anesthesia was induced intravenously 
with sodium pentobarbital (10 mg/kg of body weight) 
and, after endotracheal intubation, was maintained 
with nitrous oxide in oxygen (60:40, v/v). Pulmonary 
ventilation was kept constant during the experiments 
with a positive-pressure respirator. Rectal tempera- 
ture was measured with a thermistor probe. Body 
temperature was kept constant at 37.5 C (median 
value) with a circulating blanket. 

The chest was incised through the left fifth inter- 
costal space and the pericardium opened over the 
anterolateral aspect of the heart. Heparin (5000 IU) 
was administered intravenously to maintain patency 
of arterial and venous catheters. Ascending aortic 
pressure was measured with a polyethylene catheter 
inserted via the femoral artery and connected to a 
pressure transducer (Ailtech). The pressure in the left 
interventricular artery distal to the site of partial 
occlusion was measured through a small side branch 
with a polyethylene catheter (PE 50, Clay Adams) 
connected to a pressure transducer (Ailtech).” Left 
intraventricular pressure was measured with a cathe- 
ter tip micromanometer (Millar) inserted through the 
left brachial artery and its maximal first derivative 
(dP/dt max) determined with an analogue differentia- 
tor. The ECG was derived from limb-leads. 


An electromagnetic flow probe (Janssen Scientific 
Instruments Division) was mcunted on the left inter- 
ventricular artery just distal to the diagonal branch. 
The probe was connected to a sine-wave flow meter 
with a carrier frequency of 600 Hz (Translfow). Zero 
flow was obtained by occluding the artery distal to 
the probe with an inflatable cuff (see below). The 
flow probes were calibrated as described previously.” 
The hemodynamic variables were recorded continu- 
ously on a multichannel Schwarzer recorder. 

An inflatable cuff was placed on the left interven- 
tricular artery just distal to the electromagnetic flow 
probe. The cuff was connected through Silastic tubing 
to a micrometer. The system was filled with distilled 
water so that the cuff could be inflated until the 
desired degree of partial occlusion—a mean coronary 
artery pressure of approximately 3.2 kPa (1 kPa = 7.5 
mm Hg; 1 mm Hg = 0.133 kPa)—was reached. This 
degree of occlusion was maintained throughout the 
experimental period using a Servo-motor pump with 
an autoregulating feedback system controlled by the 
mean coronary artery pressure.’ 

Arterial blood samples were collected through the 
catheter used for aortic blood pressure measurements. 
Local venous blood samples were obtained through a 
polyethylene catheter (PE 50, Clay Adams) inserted 
into the left interventricular vein by a Seldinger tech- 
nique. The tip of the catheter was placed halfway 
between the site of occlusion and the apex, i.e., at 
approximately the site of maximum ischemia.” 

After a control period, the cuff was inflated to 
produce the desired degree of occlusion and was kept 
inflated for a period of 15 minutes. The cuff was then 
deflated for a period of approximately 30 minutes. 
After this period of stabilization a second partial 
occlusion similar to the first was created. In both 
procedures, arterial and venous blood samples were 
taken 15 minutes before, immediately before, and 5, 
10, and 15 minutes after partial occlusion. Hemody- 
namic variables were calculated at these times (—15, 
0, 5, 10, 15, 35, 45, 50, 55, and 60 minutes). From the 
blood samples 0.6 ml of blood was used for the 
determination of bloód gas tensions, pH, oxygen sat- 
uration, and hemoglobin. In addition, 0.5 ml was 
immediately deproteinized with 0.6 N perchloric acid 
for the determination of blood lactate levels, 0.05 ml 
was deproteinized with uranyl acetate for glucose 
determination, and 1.5 ml was centrifuged for the 
determination of free fatty acids, inorganic phosphate, 
and potassium. 

The animals were allocated to two groups. In group 
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I, control experiments were performed in which par- 
tial occlusion was applied twice as described above 
without drug intervention (n = 8). In group IL, fentanyl 
(25 pg/kg of body weight) was injected intravenously 
approximately 5 minutes before the second period of 
partial occlusion (n = 8). 


Biochemical Analysis 


= Glucose, lactate, and free fatty acids were deter- 
mined using standard Boehringer test kits (Boehrin- 
ger, Germany). Inorganic phosphate was measured by 
a Merck-test (Merck, Germany). Potassium was de- 
termined with an IL 243 flame photometer. Blood gas 
tension and blood pH were analyzed with an IL 413. 
Hemoglobin and oxyien saturation were determined 
with a Radiometer OSM-2. Oxygen content was cal- 
culated from hemoglobin content and oxygen satu- 
ration. 


Data Analysis 


By creating the same degree of occlusion twice in 
the same animal it was possible to use each animal as 
its own control. To study the effect of partial occlusion 
the values of the hemodynamic and biochemical var- 
iables during each period of partial occlusion (5, 10, 
and 15 minutes and 50, 55, and 60 minutes) were 
compared with those immediately prior to partial 
occlusion. By comparing the values of the determined 
variables during the First (5, 10, and 15 minutes) and 
the second periods of partial occlusion (50, 55, and 60 
minutes) information was obtained on the reproduc- 
ibility of the changes induced by occlusions of com- 
parable severity (group I) and about the effect of 
fentanyl during ischemia (group Il) The effect of 
fentanyl on the hemodynamic and biochemical vari- 
ables in the nonischemic heart was investigated by 
comparing the values of these variables 10 minutes 
(time 35 minutes) and just before (time 45 minutes) 
the second partial occlusion. Differences between the 
values of the variables were evaluated for statistical 
significance by applying Wilcoxon's matched-pairs 
signed-ranks test (two-tailed probability). The data 
presented in the paper are the median values and the 
95% limits; p « 0.05 was considered to be a significant 
difference. 


Results 


Group I: Control Experiments 


Changes in heart rate, left intraventricular dP/dt 
max systolic, diastolic, and mean aortic pressure, 
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mean coronary artery pressure and mean coronary 
artery flow during the periods of regional ischemia 
are summarized in Table 1. Heart rate gradually in- 
creased during the experimental period, but the 
change was not statistically significant. Left intraven- 
tricular dP/dt max showed a tendency to decrease 
during the first and second periods of partial occlu- 
sion (significantly at 5 and 10 minutes). Systolic and 
mean aortic pressure gradually decreased during the 
first period of partial occlusion, but remained constant 
thereafter. Diastolic pressure did not change signifi- 
cantly. Partial occlusion reduced mean coronary ar- 
tery pressure from 9.2 to 3.2-3.6 kPa (the range of the 
median values) during the first period and from 8.5 
to 2.8-3.1 kPa during the second period. The mean 
coronary artery pressures before the first and second 
ischemic periods were not significantly different (0 
and 45 minutes). Coronary artery blood flow de- 
creased from 14 to 6 ml/min during both periods of 
partial occlusion. Changes in the arterial biochemical 
parameters are summarized in Table 2. The arterial 
concentration of free fatty acids gradually increased 
during the experimental period. The concentration of . 
this substrate at the end of the second period of 
partial occlusion was significantly greater than that at 
the end of the first period. À gradual increase was 
also observed in the arterial inorganic phosphate con- 
centration. 

Changes in arteriolocal venous (AV) differences of 
biochemical parameters are shown in Figs 1 and 2. 
AV differences of glucose were significantly increased 
during the two periods of partial occlusion. Values 
during the first partial occlusion did not differ signif- 
icantly from those during the second period. Lactate 
uptake during the two preocclusion periods changed 
into lactate production during occlusion. Lactate pro- 
duction was similar during both periods of ischemia. 
AV differences of inorganic phosphate and potassium 
became negative after narrowing of the coronary ar- 
tery and were similar during the first and the second 
periods of partial occlusion (Fig 1). The difference in 
arterial and local venous concentrations of free fatty 
acids tended to increase during the second ischemic 
period (Fig 2). This increase was significant at 60 
minutes, i.e., 15 minutes after partial occlusion. 

Arterial pH, Pco, and oxygen content remained 
constant throughout the experimental period (Table 
2). Narrowing of the coronary artery caused an in- 
crease in AV difference of pH, that was the same 
during the first and second periods of ischemia (Fig 
3). AV differences in Pco, became more negative 
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Fig +. Effect of fentany! on arteriolocal venous differences of 
gluccse, lactate, potassium, and inorganic phosphate. C, control 
experiments without drug intervention; F, experiments in which 
fentanyl (25 pg/kg of body weight) was administered intrave- 
nously between 35 and 45 minutes. +, significantly different 
from O minutes; X, significantly different from 45 minutes; @, 
significant differences between 45 minutes and 35 minutes; A, 
significant differences between 50 minutes and 5 minutes; V, 
significant differences between 55 minutes and 10 minutes; Bl, 
significant differences between 60 minutes and 15 minutes. 


during partial occlusion. The Pco, values measured 
during the first period did not differ significantly 
from the corresponding values determined during the 
second period (data not shown). AV differences of 
oxygen content increased similarly during both pe- 
riods of ischemia (Fig 3). Reproducibility of the degree 
of ischemia in the present model was indicated by the 
nonsignificant differences between the AV differ- 
ences of lactate, glucose, inorganic phosphate, potas- 
sium, pH, Pco, and oxygen content and the hemo- 


dynamic variables during the first and second periods 
of partial occlusion of the left interventricular artery. 


Group II: Fentanyl Experiments 


Injection of fentanyl was followed by significant 
decreases in heart rate (57%), left ventricular dP/dt 
max (25%), systolic aortic pressure (15%), diastolic 
aortic pressure (33%), mean aortic pressure (26%), 
mean coronary artery pressure (30%) and coronary 
artery flow (47%) during the period preceding the 
second partial occlusion (Table 1). 
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FiG 2. Effect of fentanyl on arteriolocal venous differences of 


free fatty acids. Symbols are definéd in the legend to Fig 1. 
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FiG 3. Effect of fentanyl on arteriolocal venous differences of 
pH and oxygen content. Symbols are defined in the legend to 
Fig 1. 
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FENTANYL AND MYOCARDIAL METABOLISM 


Administration of fentanyl had no significant ef- 
fects on arterial glucose, lactate, potassium, and in- 
organic phosphate concentrations. Arterial free fatty 
acid concentration decreased significantly 15 minutes 
after administration of fentanyl (Table 2). Arterial pH 
decreased and Pco, increased within 10 minutes after 


the injection of fentanyl. These changes while minor 


were statistically significant. Fentanyl decreased the 
AV differences of lactate during the preocclusion 
period (45 vs 35 minutes). 

Approximately 5 minutes after the administration 
of fentanyl the second partial occlusion. was made. 
Mean coronary artery pressures during the second 
period of partial occlusion, varied between 2.8 to 2.9 
kPa, slightly but significantly lower than during the 
first period. Heart rate, left ventricular dP/dt max, 
and mean, systolic, and diastolic aortic blood pressure 
were not influenced by the second period of partial 
occlusion (Table 1). 

Changes in AV differences of lactate, potassium, 
and inorganic phosphate were less pronounced during 
the second period of ischemia in the presence of 
fentanyl than during the first one (Fig 1). Although 
the AV differences of these three biochemical varia- 
bles tended to become negative, i.e., release of sub- 
strate or ions, none of the values differed significantly 
from the preocclusion values (50, 55, and 60 minutes 
vs 45 minutes). The values measured during the sec- 
ond period of partial occlusion were significantly 
lower than the corresponding values during the first 
period (50, 55, and 60 minutes vs 5, 10, and 15 
minutes). In contrast, the increase in AV differences 
of glucose was similar during both periods of ischemia 
(Fig 1). AV differences of free fatty acids were signif- 
icantly lower at the end of the second ischemic period 
(55 and 60 minutes) than at the end of the first one 
(10 and 15 minutes) (Fig 2). 

AV differences in blood pH, measured during the 
second period of partial occlusion after fentanyl, were 
significantly less than those during the first period 
(Fig 3). The increase in local venous Pco, was signifi- 
cantly less during the second than during the first 
ischemic period (data not shown). The increase in AV 
differences of oxygen tended to be less during the 
second ischemic period. Only the value measured 5 
minutes after partial occlusion (50 minutes) was sig- 
nificantly lower than the corresponding value (5 min- 
utes) during the first period. 


Discussion 
In the present study the effect of fentanyl on left 
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ventricular metabolism and some hemodynamic var- 
iables during myocardial ischemia was investigated in 
an animal model in which a reproducible degree of 
ischemia could be obtained by partial occlusion of the 
left interventricular artery. By producing the partial 
occlusion twice in the same animal we were able to 
use the animal as its own control. The desired degree 
of stenosis was obtained at a pressure in the interven- 
tricular artery distal to the site of partial occlusion of 
2.8 to 3.6 kPa and an interventricular artery flow 
reduction of 60% to 75%. 

The decreases in heart rate, left intraventricular dP/ 
dt max, and mean aortic and mean coronary artery 
pressure following the intravenous injection of fen- 
tanyl (25 ug/kg of body weight) are in agreement with 
previous findings.’ Bradycardia and a reduction of 
mean arterial pressure after the administration of 
fentanyl in animals with unimpeded myocardial cor- 
onary blood flow has also been reported by other 
investigators" 1? The negative chronotropic prop- 
erties of fentanyl, and to a lesser extent the decrease 
in arterial pressure, lowered the energy demand and, 
subsequently the oxygen demand, of the myocar- 
dium. This is indicated by the decrease in volume 
flow in the interventricular artery and by the virtually 
unaffected AV difference of oxygen. This observation 
in normal dog myocardium is in accordance with the 
calculated decrease in energy demand of the human 
myocardium after injection of fentanyl. The effect of 
fentanyl on the other biochemical variables was gen- 
erally slight during the period prior to partial occlu- 
sion. 

The increase in arterial concentration of free fatty 
acids in the control experiments might explain the 
stressful effects of myocardial ischemia, although 
stimuli induced by the surgical procedure cannot be 
excluded. The finding that these increases were not 
seen when fentanyl was injected prior to the second 
partial occlusion and that the arterial free fatty acid 
concentration even decreased in this situation sup- 
ports the idea that this morphinomimetic can suppress 
stress responses.” * A decrease in the plasma concen- 
tration of free fatty acids after fentanyl has also been 
observed in patients. However, this effect was not 
restricted to fentanyl since a similar decrease was 
measured during halothane anesthesia.” The de- 
creased arterial free fatty acid concentration might 
benefit the ischemic myocardium since increases in 
the arterial level of this substrate are considered to be 
harmful to myocardial tissue during ischemia.””” The 
similar AV differences of glucose during both periods 
of ischemia and the decreased AV difference of free 


ae. .. 


ai 


VAN DER VUSSE ET AL 


fatty acids during the second partial occlusion indicate 
that after the administration of fentanyl, glucose be- 
comes a relatively more important substrate for the 
ischemic myocardium. The less negative AV differ- 
ences of lactate suggest that a smaller part of the 
available glucose is anaerobically converted into lac- 
tate when ischemia is induced after the administration 
of fentanyl. The remaining glucose is likely used 
either for aerobic breakdown or, possibly, for glyco- 
gen synthesis. 

Although residual flow through the partially oc- 
cluded interventricular artery was known, the uptake 
or release of substrates in an absolute sense cannot 
be calculated from the AV differences of the sub- 
strates because no information is available on collat- 
eral flow rates to the ischemic area; yet total con- 
sumption of oxygen during both periods of ischemia 
cannot be calculated. However, assuming that the 
collateral flow to the ischemic area is similar during 
both periods of stenosis, the values of the AV differ- 
ences of oxygen can be regarded to be representative 
of the absolute amounts of oxygen consumed by the 
ischemic myocardium during the first and second 
partial occlusions, since the volume flow in the inter- 
ventricular artery is not significantly different during 
those periods. Although the consumption of oxygen 
tended to decrease during the first 5 minutes of 
ischemia after the administration of fentanyl, the 
uptake of oxygen during prolonged ischemia was not 
influenced by this analgesic. 

The less negative AV difference of lactate after 
injection of fentanyl suggests that the amount of 
oxygen available for the ischemic myocardium better 
meets the requirements for aerobic energy produc- 
tion. This will lead to a reduced shortage of cellular 
energy resulting in a less pronounced breakdown of 
energy-rich phosphates. Since the intracellular break- 
down of these energy-rich phosphates results in ele- 
vated venous inorganic phosphate concentration™ and 
together with an increased anaerobic glucose metab- 
olism in an increased acidity of the venous blood, the 
beneficial effect of fentanyl should also be reflected 
in a less marked increase of these variables in the 
local venous blood collected from the ischemic myo- 
cardium. The observations in this study agree with 
this assumption. The AV differences of inorganic 
phosphate and pH across the ischemic area were 
markedly reduced after fentanyl administration. Ad- 
ditional support for a less severe energy shortage after 
the injection of fentanyl is given by the reduced 
release of potassium from the ischemic area. Although 
the mechanism of cellular loss of potassium ions is 


unknown, it is assumed that a shortage of energy-rich 
phosphates facilitates the release of potassium ions 
from ischemic cardiac cells. 

Alth«ugh the results obtained in the present animal 
study should be extrapolated with care to the clinical 
situaticn, our observations suggest that use of fentanyl 
may beaefit patients with myocardial ischemia during 
anesthesia. Especially in patients with coronary artery 
disease the diminished energy demand of the is- 
chemicmyocardium, the resulting decrease in acidity, 
the diminished release of potassium and utilization of 
free faty acids, as well as the possiblity to suppress 
stress r=sponses may protect the jeopardized myocar- 
dial tissue against further damage. 

In ths investigation we have restricted ourselves to 
:he effect of moderate doses of fentanyl on metabo- 
lism ard some hemodynamics of the regional is- 
zhemic myocardium. The shown effects may also be 
observed after the administration of other compounds 
chat decrease heart rate and arterial blood pressure 
and heace the oxygen consumption of the myocar- 
dium. 


ACKNOWLEDGMENTS 


The asthors are indebted to Mr. L. Strijbosch for his help in the 
statisticakanalysis of the data, and to Mrs. E. Geurts for her help in 
preparing the manuscript. 


REFERENCES 


1. lanss n PAJ, Niemegeers CJE, Dony JGH: The inhibitory effect 
of fe- tanyl and other morphine-like analgesics on the warm 
water induced tail withdrawal reflex in rats. Arzneim Forsch 
13:502-507, 1963 

2. Reneman RS, van der Vusse GJ, Xhonneux R, et al: The use of 
high doses of analgesics during anesthesia, in Analgesia in 
Anes-esia and Obstetrics, The Netherlands, Astra Research, 
1980 ` 

3. Kettler D, Sonntag H: Intravenous anaesthetics: coronary blood 
flow 1nd myocardial consumption (with special reference to 
Althesin). Acta Anaesthesiol Belg 3:384-401, 1974 

4. Freye E: Cardiovascular effects of high doses of fentanyl, 
mepe-dine, and naloxone in dogs. Anesth Analg 53:40-47, 1974 

5. Patsc_ke D, Gethmann JW, Hess W, et al: Hamodynamik, 
Koro: ardurchblutung und myokardialer Sauerstoffverbrauch 
unter hohen Fentanyl- und Piritramiddosen. Anaesthesist 25: 
309-217, 1976 

6. Patsci ke D, Hess W, Tarnow J, et al: Die Wirkung von 
Fenta 1yl und Althesin auf die Hamodynamik, die Herzinotro- 
pie umd den myokardialen Sauerstoffverbrauch des Menschen, 
Anae-thesist 25:10-18, 1976 

7. Van cer Vusse GJ, Van Belle H, Van Canet W, et al: Ácute 
effect-of fentanyl on hemodynamics and myocardial carbohy- 
drate atilization and phosphate release during ischaemia. Br J 
Anaesth 51:927-935, 1979 

8. Savage T: Reduction or obliteration of reflex responses to 
surge-y. In: Stress-free anesthesia. Int Congr Symp Series R 
Soc Med 3:11-18, 1978. 

9. Hall C M, Young C, Holderoft A, et al: Substrate mobilization 
durin; surgery: a comparison between halothane and fentanyl 
anaes-esia. Anaesthesia 33:924-930, 1978 

10. Tarncw J, Hess W, Schmidt D, et al: Induction of anesthesia in 


ANESTHESIA AND ANALGESIA 
Vol 59, No 9, September 1980 


653 


T1. 


12. 


13. 


14. 
15. 
16. 


17. 


654 


FENTANYL AND MYOCARDIAL METABOLISM 


patients with coronary artery disease: flunitrazepam, diazepam, 
ketamine, fentanyl. A hemodynamic study. Anaesthesist 28:9- 
19, 1979 

Stanley TH, Philbin DM, Coggins CH: Fentanyl-oxygen anaes- 
thesia for coronary artery surgery: cardiovascular and antidi- 
uretic hormone response. Can Anaesth Soc J 26:168-172, 1979 
Stoelting RK, Gibbs PS, Creasser CW, et al: Hemodynamic and 
ventilatory responses to fentanyl, fentanyl-droperidol and ni- 
trous oxide in patients with acquired valvular heart disease. 
Anesthesiology 42:319-324, 1975 

Jageneau AHM, Van Gerven W, Kruger R, et al: An improved 
animal model for studying the effect of drugs on myocardial 
metabolism during ischemia. Recent Adv Stud Cardiac Struct 
Metab 10:331-341, 1975 

Marsboom RA, Verstraete D, Thienpont D, et al: The use of 
haloanisone and fentaryl for neuroleptanalgesia in dogs. Br 
Vet J 120:466-468, 1964 

Van der Meer JJ, Reneman RS: An improved technique to 
induce a standardized functional stenosis of a coronary artery. 
Eur Surg Res 4:407-418, 1972 

Schaper WKA, Lewi P, Jageneau AHM: The determinants of 
the rate of change of the left ventricular pressure (dP/dt). Arch 
Kreislaufforsch 46:27-41, 1965 

Reneman R5, Clarke HF, Simmons N, et al: [n vivo comparisons 


ANESTHESIA AND ANALGESIA 
Vol 59, No 9, September 1980 


18. 


19. 


20. 


2l. 


22. 


23. 


24. 


of electromagnetic and Doppler flowmeters: with special atten- 
tion to the processing of the analogue Doppler flow signal. 
Cardiovasc Res 7:557-566, 1973 

Liu WS, Bidwai AV, Stanley TH, et al: Cardiovascular dynam- 
ics after large doses of fentanyl and fentanyl plus NeO in the 
dog. Anesth Analg 55:158-172, 1976 

Gardocki JF, Yelnosky J: A study of some of the pharmacologic 
actions of fentanyl citrate. Toxicol Appl Pharmacol 6:48-62, 
1964 

Westenkow DR, Jordan WS, Hodges MR, et al: Correlation of 
oxygen uptake and cardiovascular dynamics during NeO-fen- 
tanyl and NeO-thiopental anesthesia in the dog. Anesth Analg 
57:37-41, 1978 

Kurien VA, Oliver MF: A metabolic cause for arrhythmias 
during acute myocardial hypoxia. Lancet 1:813-815, 1970 
Liedtke AJ, Nellis S, Neely JR: Effects of excess free fatty acids 
on mechanical and metabolic function in normal and ischemic 
myocardium in swine. Circ Res 43:652-661, 1978 

Opie LH, Tansey M, Kennelly BM: Proposed metabolic vicious 
circle in patients with large myocardial infarcts and high plasma 
free fatty acid concentrations. Lancet 2:890-892, 1977 

Opie LH, Thomas M, Owen P, et al: Increased coronary venous 
inorganic phosphate concentrations during experimental my- 
ocardial ischemia. Am } Cardiol 30:503~513, 1972 


sei 


Ie... 


both to the mother and fetus.! 


ANESTH ANALG 
59:655-658, 1980 


Intravenous Albumin 
Administration for Prevention of 
Spinal Hypotension during 


Cesarean Section 


Mali Mathru, MD,* Tadikonda L. K. Rao, MD,+ Radha K. Kartha, MD,+ 
M. Shanmugham, MD,ł and H. Kurt Jacobs, PhD§ 





MATHRU, M., RAO, T.L.K., KARTHA, R. K., SHANMUGHAM, M., AND JACOBS, K. H.: Intravenous 
albumin administration for prevention of spinal hypotension ‘during cesarean section. Anesth 


Analg 59:655-658, 1980. 


Five percent albumin in Ringer's lactate with 5% dextrose solution (D5RL) (15 ml/kg) was 
prophylactically infused preanesthetically over 15 to 20 minutes to prevent hypotension during 
spinal anesthesia in 46 patients undergoing elective cesarean section. Apgar scores and the 
incidence and severity of hypotension were compared to results obtained in 41 patients who 
were given D5RL solution without albumin (15 ml/kg). The indicence of hypotension was 
significantly less in pateints given 5% albumin than in patients hydrated with D5RL alone. 
Mean arterial pressure decreased up to 18 torr from control values in patients hydrated with 
D5RL but mean arterial pressure did not change significantly ‘n patients given 5% albumin. 
The Apgar scores, both at 1 minute and 5 minutes, were significantly higher (p < 0.01) in 
infants born of mothers given albumin than in infants whose mothers were given D5RL 
solution. Prophylactic administration of 5% albumin in D5RL solution is an effective method for 


prevention of spinal hypotension. 


Key Words: ANESTHESIA, Obstetric; ANESTHETIC TECHNIQUES, Spinal; PROTEIN: intravenous albumin. 


YPOTENSION associated with spinal anesthe- 
sia for cesarean section is a potential hazard 
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uterine displacement, and hydration with crystalloids 
Fave all been used to prevent spinal hypotension in 
tne parturient during cesarean section, but hypoten- 
sion can still occur.” In this investigation, the efficacy 
cf rapid intravenous infusion of 5% albumin in 
Kinger’s lactate with 5% dextrose (D5RL) prior to 
spinal anesthesia in preventing spinal hypotension 
was examined. Incidence and severity of hypotension 
were compared to other groups of patients who re- 
ceived D5RL alone, D5RL plus prophylactic intra- 
muscular ephedrine, and 5% albumin with D5RL plus 
prophylactic intramuscular ephedrine. 


Methods and Materials 


Informed consent was obtained from 87 healthy 
parturients undergoing elective cesarean section un- 
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OBSTETRICAL SPINAL ANESTHESIA 


der spinal anesthesia. The mean age was 28.3 years 
(+ 2.71) and the mean weight was 64.6 kg (+ 11.24). 
The patients were randomly placed into four groups 
which received the following intravenous therapies: 
group I (n = 21), D5RL (15 ml/kg); group II (n = 20), 
DSRL (15 ml/kg) plus ephedrine, 25 mg IM; group III 
(n = 24), 5% albumin in DSRL (15 ml/kg); and group 
IV (n = 22), 5% albumin in DSRL (15 ml/kg) plus 
ephedrine, 25 mg IM. 

The fluids were administered over a period of 15 to 
20 minutes prior to administration of spinal anesthe- 
sia. Groups II and IV received ephedrine sulfate, 25 
mg IM, 10 to 15 minutes prior to spinal anesthesia. 
Anesthesia was achieved with 6 to 8 mg of 0.5% 
hyperbaric tetracaine administered with the patient in 
left lateral decubitus position. 

A sensory level of Ts to Ta was obtained. All 
patients were placed in supine position with a wedge 
placed under the right hip to give left uterine displace- 
ment. All patients received 100% oxygen by a well- 
fitting face mask using a semiclosed breathing circuit 
until the baby was delivered. Maternal arterial blood 
pressure was monitored by the Doppler ultrasound 
method. Maternal heart rate (HR) from the ECG and 
arterial pressure were recorded at the following times: 
before administration of intravenous infusions, im- 
mediately after completion of infusion (but before 
spinal anesthesia), and 1, 3, 5, 8, 10, and 12 minutes 
after induction of spinal anesthesia. Patients whose 
systolic arterial pressure decreased below 90 torr were 
given additional ephedrine intravenously. Apgar 
scores of the babies were noted by an independent 
observer at 1 minute and 5 minutes after birth. Mean 


TABLE 1 


arterial pressure (MAP) was calculated using the for- 
mula: MAP = diastolic pressure + one third pulse 
pressure. Analysis of variance was performed on HR 
and MAP data. Chi square test was used for statistical 
analysis of Apgar scores; p < 0.05 was considered 
statistically significant. All values are expressed as 
means + standard error of the mean {+ SEM). 


Results 


No significant differences in MAP and HR were 
observed among the groups in the control period 
(Table 1). MAP following fluid administration in 
group I averaged 97 + 6 torr. This decreased signifi- 
cantly to 80 + 9 torr 3 minutes after spinal anesthesia 
( p « 0.01), and remained significantly low throughout 
the period of observation. Three patients received 
additional doses of intravenous ephedrine in this 
group because of a decrease in systolic arterial pres- 
sure below 90 torr. In group II, MAP prior to spinal 
anesthesia averaged 98 + 9 torr. This decreased sig- 
nificantly ( p « 0.05) to 85 + 11 torr 3 minutes after 
induction of anesthesia and returned toward control 
value at 12 minutes. One patient in this group re- 
quired additional ephedrine. MAP in groups III and 
IV did not change significantly from control values 
throughout the period of observation. The incidence 
of hypotension defined as a decrease in systolic arte- 
rial pressure to «100 torr or a decrease in MAP to 
<85 torr is given in Table 2. 

In group I, HR increased significantly from 78 + 8 
beats per minute to 102 + 16 beats per minute follow- 
ing the induction of anesthesia ( p « 0.01) (Table 1). 
In group II, HR also significantly increased from 79 


Heart Rate (HR) and Mean Arterial Pressure (MAP) before and after Fluid Administration and Spinal Anesthesia* 


Before 


Minutes after spinal anesthesia 


Group fluids After fluids E " oa T 
| (n = 21) 
HR 7843 82 + 11 9324 10 102+16f 100-127 98 + 11+ 89 + Ot 91 + 6t 
MAP 97+8 988 938 80 + 9T 82 + 71 82 + Bt 83 + 9T 82 + 101 
il (n = 20) 
HR 79 € 9 78 X8 90+10 108+11¢ 109+ BT 106 x 111 101 + 8t 100 + 111 
MAP 98+9 101 x 10 99 +10 85 + 111 81 x 121 84 x 10t 90 x 114 96 x 14 
Ill (n — 24) r 
HR 7947 78 +8 80 +6 79 +4 81+6 78+8 7947 7647 
MAP 96+6 102+8 102 +6 101 + 8 104 +7 103 +8 103 +9 98+8 
IV (n = 22) 
HR 76 8 79 +10 84 + 12 82 X 13 81 +13 B1 + 14 79 X8 77 X11 
MAP 100x9 108 x11 104 + 8 103 + 8 103 +9 104+ 10 102 +7 103 +8 


* Values are means + SE. 


T Statistical significance compared to values prior to fluid administration: p < 0.05. 
} Statistical significance compared to values prior to fluid administration: p « 0.01. 
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TABLE 2 


Patients in Each Group Developing Hypotension (Decrease 
in Systolic Arterial Pressure to <100 Torr or Decrease in 
MAP to <85 Torr) $ 





incidence of hypotension from 
onset of spinal anesthesia till 
delivery time 


Group 





[ Ta 
II 5* 
HH 0 
IV 0 





L Statistical significance compared to the number of patients 
in groups Ill and IV: p < 0.001. 


+ 9 beats per minute to 108 + 11 beats per minute 
following spinal anesthesia (p < 0.01). Patients in 
groups III and IV had no significant changes in HR. 

Apgar scores at 1 minute and 5 minutes are sum- 
marized in Table 3. Three neonates in group I and 
four neonates in group H had Apgar scores below 7. 
All babies in groups III and IV had Apgar scores 
higher than 7. The difference in Apgar scores in 
infants born of mothers given albumin were statisti- 
cally significantly greater than the Apgar scores in 
infants of mothers not given albumin (p « O.OI) 
(Table 3). 

The mean Apgar scores of the newborns of the four 
mothers, (three belonged to group I and one belonged 
to group II) who received additional doses of ephed- 
rine was 6.5 (+ 1.6) and 7.4 (+ 1.9) at 1 minute after 
5 minutes, respectively, which was not significantly 
different from the Apgar scores of group I and I 
newborns. 


Discussion 


The incidence of hypotension (systolic pressure 
«100 torr or mean arterial pressure <85 torr) associ- 
ated with spinal anesthesia in cesarean sections has 
been reported to be as high as 9096 in the absence of 
preventive measures." * Hypotension, hazardous to 
the mother and, more so, to the fetus, is better pre- 
vented than treated.” Methods used to reduce the 
incidence and severity of spinal hypotension include 
left uterine displacement to relieve aortocaval com- 
pression,’ prophylactic vasopressors,* and hydration 


with balanced salt solutions.” The combined use of. 


left uterine displacement and hydration with lactated 
Ringer's solution decreases the incidence of hypoten- 
sion, but does not eliminate it. Despite these prophy- 
lactic measures 14.7% to 92% of obstetrical patients 
still develop hypotension during spinal anesthesia.” 
Vasopressors are infrequently used prophylactically 
since they may cause not only maternal hypertension 


à 


and dysrhythmias, especially in preeclamptic or hy- 
pertensive parturients, but also uterine vasoconstric- 
tion which may interfere with placental perfusion." 
In this investigation, hydration with D5RL did not 
prevent spinal hypotension and was associated with 
significant tachycardia whether combined with 
ephedrine or not. Tachycardia in patients who re- 
ceived D5RL or D5RL plus intramuscular ephedrine 
could have been a reflex response to the hypotension. 
The high incidence of spinal hypotension in patients 
who received DSRL could be due to the rapid equili- 
bration of the infused crystalloid solution with the 
extravascular compartment.’ The administration of 
596 albumin in D5RL prevented hypotension. Reflex 
tachycardia was not observed since patients given 
albumin did not become hypotensive. The absence of 
hypotension associated with albumin administration 
is best explained on the basis that the colloid solution 
remained in the intravascular compartment longer 


than the balanced salt solution, and thereby reduced 


the disparity between the volume and volume capac- 
itance of the vascular bed following spinal anesthesia." 
When 5% albumin in D5RL is used for hydration, 
prophylactic vasopressors are no longer needed. 

Moss et al? have shown that the volume of crystal- 
loid required to replace the lost blood volume during 
hypovolemic states is about 3 to 4 times greater than 
the volume of 5% albumin or blood needed to restore 
Elood volume. Thus, if instead of 15 ml/kg of D5RL 
45 to 60 ml/kg of D5RL had been administered to 
these patients, the functional hypovolemia occurring 
with spinal hypotension might have been avoided. 
This, however, would have required that a parturient 
weighing 60 kg be given about 4 L of crystalloids 
erior to spinal anesthesia to prevent hypotension. The 
infusion of such volumes of crystalloids might lead 
not only to acute hemodilution, resulting in decreased 
oxygen transport to the tissues including placenta and 
the fetus, but also to maternal cardiopulmonary em- 
harrassment. 


TABLE 3 
Apgar Scores* 


Apgar scores 


Group 
1 min 5 min 
| (n = 21) 6.4 + 1.4 7.8 + 1.2 
Il (n = 20) 6.8 + 1.6 8.3 x 1.8 
ill (n = 24) 9.1 + 0.81 9.6 + 0.8+ 
IV (n = 22) 9.2+0.7t 9.6 + 0.87 


* Values are means + SE. 
+ p values «0.01 compared to group | and Il values. 


ANESTHESIA AND ANALGESIA 
Vol 59, No 9, September 1980 


657 


OBSTETRICAL SPINAL ANESTHESIA 


Administration of up to 1000 ml of 5% albumin in 
D5RL did not produce any deleterious effects on the 
maternal cardiovascular system. Although 5% albu- 
min in DSRL could be used in all parturients to 
prevent spinal hypotension, its administration may be 
particularly indicated in certain clinical situations. 
Parturients with valvular heart disease may not tol- 
erate even brief periods of hypotension or tachyar- 
rhythmias. Spinal hypotension may occur if these 
patients are not properly hydrated; tachyarrhythmias 
may result if hypotension is treated with drugs such 
as ephedrine." In such patients hydration with 5% 
albumin in D5RL prevents hypotension and elim- 
inates the need for vasopressor therapy. In preeclamp- 
tic patients circulating blood volume, adjusting to 
capacity of a vasoconstricted vascular system, may be 
significantly decreased.” Following sympathetic 
block with spinal anesthesia in the preeclamptic par- 
turient the contracted vascular tree dilates and the 
patient becomes relatively more hypovolemic than 
does a parturient without preeclampsia who has no 
preexisting arterial vasoconstriction. In these circum- 
stances, infusion of 5% albumin in D5RL in pre- 
eclamptic patients would reduce the severity of spinal 
hypotension by expanding the intravascular volume 
to fit the dilated vascular tree and eliminate the need 
for vasopressor therapy. | 

Five percent albumin solutions are expensive com- 
pared to crystalloid solutions. The same results might 
be achieved by using less expensive colloids such as 
dextran or polyvinylprolidone. The risks associated 
with the use of albumin substitutes should be noted 
however, e.g., anaphylactoid reactions to dextran oc- 
cur about once in 2500 administrations. 

Higher Apgar scores both at 1 minute and 5 minutes 
in infants born of mothers given albumin may rep- 
resent the maintenance of adequate placental perfu- 
sion by avoidance of hypotension.” The cost of al- 
bumin therapy thus becomes negligible when com- 
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pared to the cost of neonatal intensive care for the 
newborns with low Apgar scores. 

In conclusion, infusion of 5% albumin in D5RL (15 
ml/kg) combined with left uterine displacement is an 
effective means of acute hydration for prevention of 
hypotension during cesarean sections performed un- 
der spinal anesthesia. 
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‘Pretreatment’ Dose of Pancuronium 
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RAO, T.L.K., AND JACOBS, H. K.: Pulmonary functions following ''pretreatment'' dose of pancu- 


ronium in volunteers. Anesth Analg 59:659—661, 1980. 


The effect of a pretreatment dose (0.014 mg/kg) of pancuronium bromide on pulmonary 
function tests in 15 healthy volunteers was investigated. Ventilatory flow volume loops and 
maximum voluntary ventilation were determined before and 1 and 3 minutes following adminis- 
tration of the pancuronium. Calculation of the pulmonary function from the flow volume loops 
revealed statistically significant decreases in forced expiratory flow at 5096 of expired volume, 
forced expiratory volume at 1 second and 3 seconds, peak inspiratory flow, peak inspiratory 
flow at 5096 of inspired volume, forced vital capacity, and maximum voluntary ventilation. 
Significant pulmonary dysfunction associated with dyspnea was seen in four subjects and one 
subject had to be artificially ventilated and pancuronium had to be reversed with prostigmine. 
Ventilation should be closely monitored in patients following pretreatment doses of pancuron- 


ium in view of frequent atypical responses. 


Key Words: LUNG, Function: pancuronium; NEUROMUSCULAR RELAXANTS, pancuronium. 


RETREATMENT with a non-depolarizing muscle 

relaxant is widely employed to attenuate some of 
the untoward effects of succinylcholine."? Pancuro- 
nium used for this purpose has been found to be 
more effective than other non-depolarizing relaxants 
in decreasing both potassium efflux into the blood 
and thus potentially dangerous hyperkalemia as well 
as the incidence and severity of postoperative muscle 
pain.* ^ The effect of a pretreatment dose of pancu- 
ronium on the respiratory function of patients has, 
however, not been quantitated. The present investi- 
gation was undertaken to assess pulmonary function 
in conscious volunteers following a pretreatment dose 
of pancuronium. 
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Methods and Materials 


Fifteen volunteers from the anesthesia staff were 
studied after informed consents were obtained. There 
were four women and 11 men. The age range was 
from 21 to 34 years. Three were cigarette smokers, 
smoking less than six cigarettes per day. The day 
before the experiment, the subjects were trained in 
techniques used to determine ventilatory flow-volume 
loops and maximum voluntary ventilation. Subjects 
fasted from midnight till the end of the experiment. 
After the subjects were placed in the supine position, 
an intravenous infusion was started and the electro- 
cardiogram was continuously monitored and dis- 
played. Resuscitative equipment and reversal agents 
were immediately available. 

Following a 15-minute rest period, flow-volume 
loops were recorded in triplicate along with maximum 
voluntary ventilation using a Beckman ultrasonic spi- 
rometer system and an X-Y recorder. After a 10- 
minute interval, 0.014 mg/kg of pancuronium bro- 
mide was injected intravenously. One minute follow- 


.ing injection, flow-volume loops were recorded in 
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triplicate. Three minutes following the injection, flow- 
volume loops were again determined in triplicate, 
and, in addition, maximum voluntary ventilation was 
measured. 

The following were calculated from the flow-vol- 
ume loops: peak expiratory flow, forced expiratory 
flow at 50% of expired volume (FEFso), forced expir- 
atory volume at 1 second (FEV)), forced expiratory 
volume at 3 seconds (FEV3), peak inspiratory flow, 
inspiratory flow at 50% inspired volume (PIFs0) and 
the forced vital capacity. The data were converted to 
body temperature, ambient barometric pressure and 
saturated water vapor values, and percent of predicted 
values using standard formulas. Statistical signifi- 
cance was determined using paired t-test; p values of 
less than 0.05 were considered significant. 


Results 


There were no significant changes in peak expira- 
tory flow (Table). However, FEFs;o decreased signifi- 
cantly from 7896 of predicted values during the control 
period to 63% of predicted values at 1 minute, and to 
6096 of predicted values at 3 minutes following the 
administration of pancuronium. FEV, did not change 
from control values 1 minute following pancuronium, 
but at 3 minutes it had significantly decreased to 70% 


TABLE 


Changes in Respiratory Function Following Pretreatment 
Dose of Pancuronium Bromide (0.014 mg/kg)* 


Following pancuronium 


Respiratory parameters Control 
1 min 3 min 
926 96 

Peak expiratory flow (L/ 94 16 9028 88 +8 
Sec) 

Forced expiratory flow at 78 3: 5 6346 62+ 6f 
50% of expired volume 
(L/sec) 

Forced expiratory volume 90 + 3 84 + 4 70 + ST 
(L) at 1 sec 

Forced expiratory volume 93 + 4 87 +3 82 + 4t 
(L) at 3 sec 

Peak inspiratory flow(L/ 96+9 78+6f 724 8ł 
sec) 

Peak inspiratory flow at 94 x7 80 + 6f 74+ Bf 
5096 of inspiratory vol- 
ume (L/sec) 

Forced vitai capacity (Li 92 X3 86 +4 79 + 4T 

Maximum voluntary ven- 98 +6 — 78 + 8T 


tilation (L) 





* Values are percent means + SEM of predicted values. 
T p < 0.05 when compared to control values. 
ip -«OQ.01 when compared to control values. 
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of predicted values from 9096 of predicted values 
during the control period. Similarly, FEV3 did not 
change 1 minute following pancuronium, but at 3 
minutes it significantly decreased from 94% of pre- 
dicted values at control to 8296 of predicted values. 
PIF decreased significantly from 9696 of predicted 
values to 78% of predicted values at 1 minute, and to 
7296 of predicted values at 3 minutes following pre- 
treatment with pancuronium. PIFso also significantly 
decreased from 9496 of predicted values at control to 
8096 and 7496 of predicted values at 1 minute and 3 
minutes, respectively, following pancuronium. Forced 
vital capacity did not change significantly at 1 minute, 
but decreased significantly from 9296 of predicted 
values at control to 7996 of predicted values at 3 
minutes following pancuronium administration. Max- 
imum voluntary ventilation was 9896 of predicted 
values at control period and significantly decreased to 
7896 of predicted values 3 minutes following the ad- 
ministration of pancuronium. 


Discussion 


Pretreatment with a non-depolarizing muscle relax- 
ant prior to the administration of succinylcholine has 
been proved to be beneficial in preventing an increase 
in intragastric and intraocular pressures and in de- 
creasing the efflux of potassium from the muscles 
into the blood.^^ Thus, pretreatment has become a 
routine practice in rapid induction sequences.” ê How- 
ever, there are very few reports regarding the effect 
of pretreatment dose of non-depolarizing relaxants on 
pulmonary function in either awake volunteers or in 
patients. 

In 1974, Dery' reported the effects of precurariza- 
tion on respiratory mechanics. In this study, forced 
vital capacity, forced expiratory volume at 1 second, 
and peak expiratory flow were measured in premed- 
icated, supine patients before and after pretreatment 
with 6 mg and 4 mg of d-tubocurarine in men and 
women, respectively. He observed no significant 
change in measured respiratory mechanics; values 
were, however, 20% below predicted levels both be- 
fore and after precurarization. Premedication may 
have affected the results in this study. In the present 
study statistically significant changes in pulmonary 
function tests were observed following pretreatment 
with 0.014 mg/kg of pancuronium. In four of the 
subjects, these changes were associated with dyspnea. 
The flow-volume loops of two of these subjects are 
shown in Figs 1 and 2. In Figs 1 and 2, control flow- 
volume loops are seen to the left and the flow-volume 
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2 L/Sec 


tL 
(ATPS) 
Fig 1. Flow-volume loops (FVL) of one volunteer. Control FVL 
is shown on the left. The right FVL was taken 3 minutes after 
pancuronium pretreatment. Note the markedly diminished FVL. 
PLE 


(ATPS) 


Fia 2. Flow-volume loops (FVL) of another volunteer. Control 
FVL is shown on the left. On the right, the first FVL, after 
pancuronium pretreatment, was significantly changed compared 
to control FVL. FVL at 60 seconds couid not be completed 
because dyspnea developed, respirations had to be assisted 
with bag and mask, and pancuronium had to be reversed with 
atropine and neostigmine. 


2 L/Sec 


loops at the right were obtained following the pre- 
treatment dose of pancuronium. In Fig 2, the flow- 
volume loop taken 50 seconds after the injection of 


pancuronium is shown, together with an attempt to 
make a third flow-volume loop at 60 seconds. The 
third flow-volume loop could not be completed. This 
subject had to be artificially ventilated and pancuro- 
rium had to be reversed with intravenous atropine 
and neostigmine. 

Significant pulmonary dysfunction was present fol- 
lowing 0.014 mg/kg of pancuronium in four of the 15 
volunteers. The present investigation was done on 
healthy, unpremedicated volunteers. Ventilatory re- 
sponses to pretreatment doses of pancuronium may 
be further aggravated in patients who have received 
premedication and/or "sleep" doses of thiopental or 
in debilitated patients with preexisting respiratory 
diseases. There was no relation between cigarette 
smoking and development of dyspnea following small 
doses of pancuronium; none of the three smokers 
developed dyspnea. This may be due to the fact that 
these subjects have been smokers for less than 6 years 
and they were not heavy smokers. 

In conclusion, although administration of a pre- 
treatment dose of 0.014 mg/kg cf pancuronium re- 
sulted in no biologically significant changes in pul- 
monary function tests in 15 normal volunteers, four 
of the 15 subjects developed dyspnea with impaired 
ventilation. These findings indicate that ventilation 
should be monitored in all patients following pretreat- 
ment dose of pancuronium in view of frequent atyp- 


' ical responses. 
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Nitroprusside and Mitral Stenosis 
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STONE, J. G., Hoan, P. F., FALTAS, A. N., AND KHAMBATTA, H. J.: Nitroprusside and mitral 
stenosis. Anesth Analg 59:662-665, 1980. 


The cardiovascular effects of an intravenous nitroprusside infusion were evaluated intraopera- 
tively in seven patients with pure mitral stenosis and seven patients with predominant mitral 
stenosis. Prior to therapy the adverse hemodynamic consequences of light anesthesia and 
surgical stimulation were evident in all patients: systemic and/or pulmonary hypertension 
were present, systemic vascular resistance was twice normal, and cardiac function was 
depressed. Nitroprusside consistently reduced systemic vascular resistance and systemic 
arterial as well as pulmonary arterial and wedge pressures, but cardiac index increased only 
when severe pulmonary hypertension and/or some mitral regurgitation coexisted with mitral 
stenosis. In the group with predominant mitral stenosis, cardiac index increased from 1.8 to 
2.1 L/min/m? with nitroprusside ( p < 0.05). In three individuals who demonstrated severe 
pulmonary hypertension (one with pure mitral stenosis and two with predominant mitral steno- 
Sis), nitroprusside induced an increase of almost 5096 in cardiac index and stroke volume. In 
contrast, patients with pure mitral stenosis and mild pulmonary hypertension showed little 
change in cardiac index or stroke volume. It is concluded that nitroprusside can safely be 
used to contro! systemic or pulmonary hypertension during anesthesia and surgery in patients 
with mitral stenosis and that if severe pulmonary hypertension and/or mitral regurgitation co- 
exist with mitral stenosis, cardiac function will also improve. 


Key Words: ANESTHETIC TECHNIQUES, Hypotensive: nitroprusside; HEART, Myocardial function: nitroprusside. 





ITROPRUSSIDE is effective therapy for ventric- 

ular failure that may be aggravated during an- 
esthesia and surgery in patients with mitral regurgi- 
tation."* In such a situation nitroprusside reduces 
afterload, minimizes valvular regurgitation and aug- 
ments forward cardiac output. On the other hand, 
vasodilator therapy is withheld from patients with 
congestive heart failure and chronic rheumatic mitral 
valve disease if their predominant lesion is mitral 
stenosis. When this population was tested in the 
cardiac catheterization laboratory, nitroprusside pro- 
vided no appreciable hemodynamic advantage,? and 
therefore has been assumed to be of little clinical 
value.” ê However, when patients with mitral stenosis 
come to surgery, light general anesthesia is frequently 
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chosen in an attempt to avoid further anesthetic de- 
pression of their already compromised cardiac status.’ 
With the imposition of surgical stimulation, systemic 
and pulmonary hypertension are a common occur- 
rence, and cardiac failure often worsens.’ ? Under 
these conditions we have infused nitroprusside to 
control pressure. The purpose of this report is to 
examine the effects of reducing afterload on cardiac 
function in patients with pure or predominant mitral 
stenosis. 


Methods 


Fourteen patients with mitral valve disease (seven 
with pure mitral stenosis (group 1) and seven with 
mixed mitral stenosis and regurgitation (group 2)) 
were treated with nitroprusside during anesthesia and 
open heart surgery prior to cardiopulmonary bypass. 
All patients had an isolated rheumatic mitral lesion, 
and in those with a mixed valvular deformity, mitral 
stenosis was predominant. Diagnosis was made by 
cardiac catheterization and angiography and con- 
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firmed at operation. All patients had been receiving 


digitalis and diuretics for at least a year prior to 
surgery. There were ten women and four men; the 
average age was 55. All patients were classified as 
A.S.A. functional status III or IV. 

Premedication consisted of morphine, 3 to 8 mg, 
and scopolamine, 0.2 to 0.4 mg, given intramuscularly 
1 hour prior to arrival in the operating room. Moni- 
toring was established with a 7-lead electrocardi- 
ogram, a radial artery cannula, and a triple-lumen 
Swan-Ganz catheter. Heart rate and pressures were 
displayed on and recorded by a Hewlett-Packard 8- 
channel system. Cardiac output was measured by the 
thermodilution method and an Edwards Laboratory 
cardiac output computer. Hemodynamic profiles were 
obtained prior to the induction of anesthesia and then 
twice during surgery. They consisted of heart rate 
(HR), systemic arterial mean pressure (AP), right atrial 
pressure (CVP), pulmonary arterial mean pressure 
(PAP), pulmonary arterial wedge pressure (wedge P), 
cardiac index (CI), stroke volume index (SVI), sys- 
temic vascular resistance index (SVRI) and pulmonary 
vascular resistance index (PVRI). SVRI and PVRI were 
measured in units, a unit being defined as (AP — 
CVP)/CI or (PAP — wedge P)/CI. 

Anesthesia was induced slowly with morphine, 0.5 
to 1 mg/kg of body weight with or without diazepam 
up to 10 mg. Muscle relaxation was achieved with 
d-tubocurarine or metocurine. Following endotra- 
cheal intubation patients were ventilated with oxygen 
or oxygen and 50% N20 to an arterial Pco, of 30 to 40 
torr. After the pericardium was opened, if either 
systemic or pulmonary hypertension persisted and 
was not responsive to additional intravenous mor- 
phine and diazepam, an infusion of 0.0296 nitroprus- 
side (range, 0.2 to 4 ug/kg/min) was administered via 
a Holter infusion pump. Intraoperative hemodynamic 
profiles were obtained about 15 minutes apart before 
and after the establishment of afterload reduction 
with nitroprusside. No vasopressors were given prior 
to or during the nitroprusside infusion, and any blood 
loss was matched by crystalloid replacement. We 
judged the surgical stimulation, anesthetic depth, and 
degree of mechanical manipulation of the heart to be 
the same during the latter two measurement periods. 
Comparison of the data between periods was done by 
a paired t-test; p « 0.05 was considered statistically 
significant. 


Results 


The Table summarizes our data. Pulmonary hyper- 


TABLE 
Hemodynamic Data* 
Preinduc- Anesthesia ] " 
tion and surgery Niropeussice 
Group | (mitral stenosis 
only; N = 7) 
HR (beats/min) 81 t7 79 +6 85 + it 
AP (torr) 68 + 5 93 + 5t 70 + 61 
CVP (torr) 1+ 0.4 6+ 14 5+1 
PAP (torr) 33 +7 36 + 4 29 + 5f 
Wedge P (torr) 19+5 28 + 2F 20 + 3i 
Cl (L/min/m?) 28:02 20+401¢t 2.2+0.1 
SVI (ml/beat/m?) 36 + 3 27 + 3t 26 +2 
SVRI (units) 24 X2 43 + 1ł 30 + 3i 
PVRI (units) 51432 442 4+1 
Group 2 (mixed mitral ste- 
nosis and regurgita- 
tion N = 7) 
HR (beats/min) 77 t3 80 x 11 89 x 11+ 
AP (torr) 83 4*6 85 +5 71 + 34 
CVP (torr) 641 10 x 2ċł 8+1 
PAP (torr) 30 + 6 35 + 6 27 + 4t 
Wedge P (torr) 1843 25 + 4 19 + 2T 
C! (L/min/m^?) 2.0 + 0.2 1.8 + 0.2 2.1 + O.2] 
SVI (ml/beat/m?) 26 €t 3 26 +5 26 * 3 
SVRI (units) 41 x5 46 *5 32 + 4t 
PVRI (units) 7*2 641 4+4+ițt 


* Values are means + standard error of the mean. See text for 
definition of abbreviations. 

+ p< 0.05. 

p< 0.01. 


tension (PAP mean >20 torr) was evident with sur- 
gical stimulation in all but one patient, and the arterial 
pressure became greater than 90 torr in seven patients. 
Systemic vascular resistance was almost twice normal 
at that time, and cardiovascular function had deteri- 
orated to a dangerous level in both groups. Nitro- 
prusside produced a 30% reduction in systemic vas- 
cular resistance and the mean arterial pressure de- 
creased to 70 torr with a mean wedge pressure of 20 
torr. Stroke volume index remained at 26 ml/beat/ 
m”. Cardiac index increased slightly in both groups to 
just over 2 L/min/m/, but the increase was statistically 
significant only in patients with both stenosis and 
regurgitation. Heart rate increased about 1096 in both 
groups and thus accounted for most of the increase in 
cardiac index. 

Pulmonary arterial pressure decreased about 20% 
in both groups, but pulmonary vascular resistance 
decreased only in the mixed stenosis and regurgitation 
group (group 2). In this group there was also a signif- 
icant correlation between the decrease in pulmonary 
arterial pressure induced by nitroprusside and the 
accompanying change in stroke volume (r = 0.8, p < 
0.05). 

Examination of the data from individual patients is 
more revealing (Figure). Three patients had pulmo- 
nary arterial mean pressures of more than 50 torr 
(severe pulmonary hypertension) during anesthesia 
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GROUP I GROUP 2 
Control = NMitroprusside Control Nitroprusside 
3.0 3.0 
CARDIAC 
INDEX 2.0 2.0 
(L/min/m? ) 
B.S. P(Q.05 
1.0 pah 
Control — Nitroprusside Control Nitroprusside 
40 40 ^ 
30 SOIR. ges 
STROKE 
VOLUME INDEX 50 20 IA 
( mi/beat/m?) “~~~. 
As, p. $. 
IO 14 pene 


FIGURE. Responses of cardiac index and stroke volume index 


in individual patients to infusion of nitroprusside during anesthe-- 


sia and surgery. Thick lines represent patients with severe 
pulmonary hypertension. 


and surgery with pulmonary vascular resistance that 
was 2 to 4 times normal. These same three patients 
were the very ones who demonstrated the greatest 
increases in cardiac index and stroke volume index 
with nitroprusside (Figure, thick lines). One of the 
three who improved with nitroprusside had pure 
mitral stenosis; the other two had predominant mitral 
stenosis. The mean pulmonary arterial pressure for 
the remaining 11 patients was 30 torr, and the pul- 
monary vascular resistance was 3 units. 

In one individual with pure mitral stenosis, cardiac 
index and stroke volume index both decreased with 
nitroprusside (Figure), but this patient did not develop 
cardiovascular dysfunction as his prenitroprusside 
measurements demonstrated substantial cardiac re- 
serve. The average patient with pure mitral stenosis 
and mild pulmonary hypertension showed little 
change in cardiac index or stroke volume with nitro- 
prusside. 


Discussion 


During open heart surgery light general anesthesia 
is recommended for patients with valvular heart dis- 
ease and cardiac failure.’ However, surgical stimula- 
tion causes intense vasoconstriction, and if the 
heightened vascular tone is not adequately overcome, 
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cardiac decompensation can be precipitated." ? After- 
load reduction with nitroprusside or other vasodila- 
tors has become standard medical management for 
refractory heart failure when vascular resistance and 
filling pressures are high.* ? Intraoperative ventricular 
failure is also responsive to this therapy.' ^ *"'’ Mitral 
stenosis, however, presents a special problem. Al- 
though patients with this lesion also respond to an 
increased afterload with a decreased cardiac output," 
and thus they too may develop fulminant intraoper- 
ative cardiovascular deterioration, it is widely be- 
lieved that nitroprusside cannot be relied upon to 
improve their cardiac function.” ê It is said that even 
though a congested, low output state exists, the fixed 
small mitral opening limits blood flow through it and 
thus prevents cardiac output from increasing when 
left ventricular outflow impedance is reduced. 

Our data indicate that there are exceptions to this 
rule. In a single patient with pure mitral stenosis, we 
obtained considerable improvement from nitroprus- 
side (Figure, group 1, thick line). This patient had 
severe, long-standing pulmonary hypertension and a 
pulmonary gradient (PA diastolic — wedge P) of 27 
torr at cardiac catheterization. During surgical stimu- 
lation the pulmonary hypertension and low output 
state worsened; nitroprusside was able to induce a 
sizeable increase (almost 5096) in both cardiac output 
and stroke volume. Perhaps in this patient the pul- 
monary vasculature was amenable to vasodilation and 
the high right ventricular outflow impedance was 
more of a flow-limiting factor than the tight mitral 
orifice. 

Nitroprusside has been advocated for the treatment 
of acute pulmonary edema, a not uncommon com- 
plication in patients with mitral stenosis. Although 
none of the patients examined in this report devel- 
oped rales when their pulmonary pressures increased, 
we have successfully used nitroprusside intraopera- 
tively in another patient with mitral stenosis who did 
develop intraoperative pulmonary edema. Similar re- 
sults have been reported with nitroglycerin,’ sug- 
gesting that even chronically increased pulmonary 
vascular resistance can respond to vasodilators. 

There are indications for nitroprusside other than 
ventricular failure. The patients in this report received 
nitroprusside specifically to overcome systemic and/ 
or pulmonary hypertension. Our data indicate that 
nitroprusside is not only effective therapy for such 
intraoperative hypertension, but that it can be admin- 
istered safely in this situation to patients with pure 
mitral stenosis. However, cardiac function can be 
adversely affected, and caution must be recom- 
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mended whenever potent drugs are administered to 
critically ill patients. 

Most patients with rheumatic mitral valve disease 
have mixed lesions, and it is in these patients that one 
realizes the greatest benefit from afterload reduction. 
The Figure illustrates that cardiac index increases 
consistently in this group. The increase is usually 
small (average 15%) compared to the 30% increase 
seen in patients with pure mitral regurgitation” ?; but 
even a small improvement may be crucial, as patients 
with mixed lesions often demonstrate severe cardiac 
dysfunction. i 

As in patients with pure mitral stenosis, those with 
mixed stenosis and regurgitation also derived the 
greatest benefit from afterload reduction when the 
associated pulmonary hypertension was severe. Pul- 
monary hypertension and pulmonary vascular 
changes are by no means completely reversed by 
nitroprusside, but pulmonary vascular resistance is 
responsive to vasodilators.” The serious therapeutic 
limitation of pulmonary vasodilators stems from the 
fact that systemic arterial hypotension usually inter- 
venes before pulmonary vascular pressures can be 
brought to normal.® 

In summary, we conclude that (1) nitroprusside 
effectively decreases systemic vascular resistance, sys- 
temic arterial pressure, and pulmonary hypertension 
in patients with pure or predominant mitral stenosis; 
(2) afterload reduction has a salutary effect on cardiac 
function in patients with mixed mitral stenosis and 
regurgitation; and (3) nitroprusside is not detrimental 
to cardiac function in patients with pure mitral ste- 


nosis, and when the associated pulmonary hyperten- 
sion is severe, it may even be beneficial. 
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The present investigation was designed to demonstrate whether depression of cell-mediated 
immunity in tumor-bearing hosts is potentiated by halothane anesthesia. Both the in vivo and 
in vitro effects of halothane anesthesia on splenic lymphocytes from normal and tumor-bearing 
C3H; /He mice were examined by lymphocyte transformation. The stimulation index (SI) of 
lymphocytes from normal C3H;/He mice exposed to 1.5% halothane/98.5% oxygen anesthe- 
sia was significantly less than that of lymphocytes from normal C3H;/He mice exposed to 
oxygen (SI of 25.3 and 33.6, respectively) ( p < 0.001). Lymphocytes from tumor-bearing 
C3H,/He mice demonstrated the greatest degree of immunosuppression by halothane when 
compared to those of normal (non-tumor-bearing) mice. That the tumor was the principal 
immunosuppressive factor was demonstrated by the SI of 34.6 for the non-tumor-bearing 
mouse lymphocytes and 4.1 for those of the mice with fibrosarcomas ( p « 0.001). Lympho- 
cytes from tumor-bearing hosts exposed to 1.5% halothane anesthesia demonstrated dimin- 
ished lymphocyte transformation compared with those from control (tumor-bearing) mice ex- 
posed to oxygen (SI of 1.7 and 4.4, respectively) (p < 0.001). In both tumor-bearing and 
normal mice, there was a significant suppression of the cell-mediated immune response when 
the animals were exposed to halothane compared to exposure to oxygen. Results of this 
investigation demonstrate that halothane anesthesia potentiates the suppression of cell-me- 


diated immunity observed in. tumor-bearing hosts. 


Key Words: ANESTHETICS, Volatile: halothane; CANCER: immunosuppression. 


NESTHETIC AGENTS may compromise many 
aspects of host immune responsiveness includ- 


ing depression of antibody synthesis, the bone mar- , 
row, phagocytosis, macrophage migration, and dimin- 


ished resistance to infection and the development of 
neoplasia.” ” The present investigation was designed 
to demonstrate whether the depression of cell-me- 
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diated immunity in tumor-bearing hosts is potentiated 
by halothane anesthesia. Both the in vivo and in vitro 


effects of halothane anesthesia on splenic lympho- 


cytes were examined. 


Methods 
Mice 


One hundred twenty-five inbred C3Hr/He (H-2*) 
male mice in groups of 10 to 15, 10 to 14 weeks of 
age, were used. They were maintained in a constant 
temperature facility employing a 12-hour light/dark 
cycle. No more than four mice were housed per cage. 
They were observed regularly and received Purina 
chow and water ad libitum. 
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Tumor 


The tumor was a transplantable fibrosarcoma that 
arose in our colony of C3H;/He mice as a mammary 
adenocarcinoma and transformed on serial passage to 
a fibrosarcoma. A stable histologic pattern has been 
maintained for 446 transplant generations. It is trans- 
planted at 14-day intervals to no fewer than 25 recip- 
ient mice by subcutaneous inoculation of 0.2 ml of 
minced tumor tissue with a 13-gauge needle attached 
to a 2-ml syringe. The neoplasm leads to death in 
C3H;/He host mice 3 to 5 weeks after inoculation. 


In Vivo Anesthetization of Mice 


Normal and tumor-bearing mice were either anes- 
thetized by exposure to 1.5% halothane and 98.5% 
oxygen (hereinafter referred to as halothane) using a 
Fluotec vaporizer with a flow rate of 4 L/min, as 
monitored by a Tracor 550 gas chromatograph, for 
1.5 hours (experimental) or were exposed to 100% 
oxygen (control) under corresponding conditions (i.e., 
flow rate, temperature, humidity). Based on the dose- 
response studies of halothane in this tumor-host 
model, 1.5% halothane or approximately 1% times the 
mouse MAC or an AD 100 was selected as a proper 
dose. Exposure of mice to halothane or oxygen was 
carried out in Plexiglas containers situated under a 
vented hood. 


Spleen Cell Suspensions 


Mice were killed by cervical dislocation upon re- 
covery from the anesthetic agent. Their spleens were 
removed aseptically and placed in chilled Petri dishes 
(Difco) containing 5 ml of Hanks' calcium- and mag- 
nesium-free balanced salt solution (CMFBSS) me- 
dium with 200 units of penicillin and 200 mg of 
streptomycin. The ends of the spleens were cut and 
the cells expressed gently into the medium by knead- 
ing the spleen with the flat end of a sterile spatula 
leaving an intact pale connective tissue stroma. The 
resulting cell suspension was filtered through four 
layers of gauze as it was withdrawn into a 5-ml 
syringe carrying a 25-gauge needle. The spleen cells 
were layered over Ficoll-paque (Pharmacia) and cen- 
trifuged at 400 X g for 30 minutes at 18 C. The layer 
of lymphocytes at the interface was removed with a 
sterile, siliconized Pasteur pipette and washed twice 
with an equal volume of RPMI-1640 (#12-702 Micro- 
biological Associates, Bethesda, MD). 


In Vitrc Exposure of Spleen Cells to Halothane or 
Oxyger 


After counting, spleen cells derived from unanes- 
thetized normal and tumor-bearing C3H mice were 
suspenced in RPMI-1640 containing 7.596 inactivated 
fetal cal- serum (Flow Laboratories), and 200 units of 
penicillin and 200 mg streptomycin; the spleen cells 
were then placed in sterile plastic Petri dishes. They 
were plzeced under sterile plastic hoods to expose the 
cells to 1.596 halothane and 98.5% oxygen or 100% 
oxygen “or 90 minutes. At the end of this period, the 
Petri dishes were scraped gently with rubber police- 
men and the cell suspension transferred to sterile 
plastic culture tubes. 


Lymphccyte Transformation Assay 


The response of lymphocytes to specific antigens 
to polydonal mitogens, in vitro, is an accepted pro- 
cedure fr assaying immunologic competence of the 
cell-meciated limb of the immune response. The 
transformation of lymphocytes exposed to halothane 
or oxygen, in vivo or in vitro, was measured by the 
microastay technique which quantifies the uptake of 
?H-thymidine, by splenic lymphocytes stimulated 
with a »olyclonal mitogen such as leukoagglutinin 
(Pharmacia).? 

The call number is critical in lymphocyte transfor- 
mation &ests. Optimum stimulation occurs when the 
original zell suspension before dilution contains 2 X 
109 cell: per milliliter. Therefore, the lymphocyte 
suspens-on was adjusted to contain 2 X 10° cells per 
milliliter and 0.1 ml was dispensed into wells of 
microtiter plates (Costar #3596, Cambridge, MA). 
One-ten-h milliliter of the polyclonal mitogen, leu- 
koagglutinin (10 ug/ml) was added to each appropri- 
ate test vell, whereas 0.1 ml of RPMI-1640 medium 
(without mitogen) was added to the remaining wells 
as negatve control. All lymphocyte transformation 
tests weze performed in groups of no fewer than 25 
samples in microtiter plates. 

The lymphocyte cultures were maintained at 37 C 
in a most environment containing 9596 air/5% COs 
for 68 hcurs. All cultures were pulsed 20 hours prior 
to harve: ting with ?H-thymidine, specific activity 6.7 
Ci/mmo e (New England Nuclear, Boston, MA). The 
tritiated -hymidine was diluted 1:100 in RPMI-1640. 
Aliquots (0.1 ml) of the thymidine dilution containing 
1 pCi were added to each microtiter plate well. 

The cells from microtiter plate wells were collected 
on glass “iber filter paper using a Multiple Automatic 
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Sample Cell Harvester (model M2rV, Biomedical Re- 
search Institute, Rockville, MD) and rinsed 20 times 
with distilled water. The filter paper was allowed to 
air dry at room temperature overnight and placed in 
scintillation vials (New England Nuclear). Five milli- 
liters of the scintillation cocktail (Liquifluor, New 
England Nuclear) were added and each vial was 
counted in a Packard Tri-Carb 3320 liquid scintilla- 
tion counter. The total number of counts per minute 
was determined for each group, and the mean cor- 
rected value was computed. From these numbers the 
stimulation index (SI) was calculated according to the 
following formula: 5I = experimental (mean counts 
per minute)/control (mean counts per minute). 


Results 


Splenic Lymphocytes from Anesthetized Mice 


The tumor was the principal immunosuppressive 
factor as was demonstrated by the SI of 34.6 for the 
non-tumor-bearing mouse lymphocytes and 4.1 for 
those of the mice with fibrosarcomas ( p « 0.001) (Fig 
1). The stimulation index of lymphocytes from normal 
C3H;/He mice exposed to 1.5% halothane anesthesia 
was significantly less that that of lymphocytes from 
normal C3H;/He mice exposed to oxygen (SI of 24.6 
and 33.6, respectively) (p « 0.001) (Table 1 and Fig 
2). Lymphocytes from tumor-bearing C3H;/He mice 
demonstrated the greatest degree of immunosuppres- 
sion when compared to those of normal (non-tumor- 
bearing) mice. Lymphocytes from tumor-bearing 
hosts exposed to 1.5% halothane anesthesia demon- 
strated diminished lymphocyte transformation com- 
pared to those frem control (tumor-bearing) mice 
exposed to oxygen (SI of 1.7 and 4.4, respectively) ( p 
< 0.001) (Table 2 and Fig 3). In both tumor-bearing 
and normal mice, there was a significant suppression 
of the cell-mediated immune response when the ani- 
mals were exposed to halothane compared to expo- 
sure to oxygen. These results demonstrate that halo- 
thane anesthesia potentiates the suppression of cell- 
mediated immunity in tumor-bearing hosts. 


Splenic Lymphocytes Exposed to Halothane or 
Oxygen in Vitro 


The in vitro exposure of normal C3Hs/He mouse 
lymphocytes to 1.596 halothane for 90 minutes signif- 
icantly diminished the stimulation index (SI of 2.4) 
compared with the proliferative responsiveness of a 
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TUMOR-BEARING NORMAL 
C3H MOUSE — C3H MOUSE 
LYMPHOCYTES — LYMPHOCYTES 


Fig 1. Comparison of the stimulation indices (ratio of experi- 
mental counts per minute/control counts per minute) of splenic 
lymphocytes from unanesthetized C3H, /He mice, with and with- 
out fibrosarcoma. The significant reduction in cell-mediated 
immunity, reflected by lymphocyte transformation values, in 
tumor-bearing compared with normal (non-tumor-bearing) mice 
is demonstrated. 
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sample of these lymphocytes exposed to oxygen (SI 
of 4.2 (p < 0.01) (Table 1 and Fig 4). 

The subjection of splenic lymphocytes from tumor- 
bearing mice to halothane significantly reduced their 
stimulation index compared with mitogen-induced 
proliferation of a sample of these lymphocytes ex- 
posed to oxygen (SI of 2.2 and 3.9, respectively) 
(Table 2 and Fig 5). 

Thus, there is agreement between in vivo and in 
vitro results of halothane-induced immunosuppres- 
sion in normal and tumor-bearing C3H hosts. 


Discussion 


We have shown that C3H mice bearing fibrosar- 
comas demonstrate depressed cell-mediated immu- 
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TABLE 1 


Phytohemagglutinin-Induced Proliferative Responsiveness* of Normal C3H,/He Mouse Splenic Lymphocytes Exposed to 


Halothane/Oxygen or to Oxygen, in Vivo and in Vitro 





In vivo 


Ir vitro 
Exposure to Group 
Mean cpmt SI Mean cpmt Slit 
Halothane/O; Experimental 33,997.0 + 2575.4 24.6 3,558.4 + 3C9.6 Sä 
Control§ 1,381.9 + 91.3 E 1,468.8 + 129.2 
Oxygen Experimental 58,831.2 + 2309.0 33.6 8,596.1 + 722.5 4.2 
Control§ 1,750.0 + 225.8 Í 2,043.8 + 177.6 ` 





* Lymphocyte stimulation was induced with leukoagglutinin in experimental cultures. 
+ Experimental and control cultures were pulsed with tritiated (H) thymidine; results are expressed in counts per minute (cpm) 


+ standard deviation. 


+ Stimulation index is calculated by dividing the experimental mean counts per minute @H-thymidine) inccrporated in stimulated 


cultures by the mean counts per minute of control cultures. 


§ Control refers to lack of lymphocyte stimulation by leukoagglutinin. 
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HALOTHANE/O> OXYGEN 
(EXPERIMENTAL) (CONTROL) 


Fig 2. Leukoagglutinin-induced proliferative response of 
splenic lymphocytes from normal C3H,/He mice exposed to 
halothane/oxygen or to oxygen. The stimulation index (experi- 
mental counts per minute/control counts per minute) is shown 
to be reduced significantly as a result of halothane exposure. 


nity, Le., depressed transformation of lymphocytes 
challenged with mitogen, compared with non-tumor- 
bearing mice of the same strain. Of even greater 
interest is the observation that these tumor-bearing 
mice showed significantly greater depression of lym- 
phocyte transformation when they were exposed to 
halothane anesthesia for 1.5 hours. A proprioception 
time of an average of 36 minutes was observed in the 
in vivo tumor studies. 

To determine the potential influence of anesthesia 


|n vivo 
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DXYGEN 
EXPERIMENTAL) (CONTROL) 


FiG 3. Leukoagglutinin-induced proliferative response of 
splenic lymphocytes from tumor-bearing C3H,/He mice ex- 
posed to halothane/oxygen or to oxygen. The significant reduc- 
tion in cell-mediated immunity (i.e., stimulation index) attributa- 
ble to halothane in the already immunosuppressed tumor-bear- 
ing hosts is demonstrated. 


on a host’s neoplasm, one must consider the effects 
on the tumor cells, as well as the effects on host 
immune responsiveness. Experimental studies suggest 
that anesthetics might have antimitotic effects on 
tumor cells as well as on normal cells, including those 
that mount an immune response. However, this an- 
timitotic influence was observed during extended in 
vitro exposure of cells to anesthetic agents.* Animal 
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studies in tumor-bearing hosts have demonstrated In vitro 
effects ranging from inhibition to no effect to en- 5 MCI UMS 
hancement of tumor growth following anesthesia." 
Both the species and tumor-host models may be 
significant in explaining these differences. 

Host resistance against neoplasms has been postu- 
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>< E = 
lated to be linked to a process of immune surveillance, = mu 
which includes a system of T-lymphocytes bearing = Stic: 
antigen-specific receptors that police the body tissues, S m 
: z3 zs z 
In vitro z= = : 
I- e s: 
5 Nn = z 
* : - 
>< SIL REIS 
= 3 HALOTHANE/O> OXYGEN 
X (EXPERIMENTAL) (CONTROL) 
= Fic 5. Stimulation indices (experimental counts per minute/ 
= ? ee. control counts per minute) of tumor-bearing C3H;/He mouse 
= Eus splenic lymphocytes exposed to halothane/oxygen or to oxy- 
= Sees gen. The diminution in transformation values (i.e., stimulation 


indices) of lymphocytes from tumor-bearing mice induced by 
exposure to halothane in vivo is also observed when lympho- 
cytes from tumor-bearing hosts are subjected to halothane in 
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m vitro. 

aiiis searching for changes in the antigenic makeup of cells 
HALOTHANE /02 OXYGEN that may have recently undergone neoplastic trans- 
(EXPERIMENTAL) (CONTROL) formation, and proceeding to eliminate them by seek- 


FiG 4. Stimulation indices (experimental counts per minute/  and-destroy tactics. Whereas opponents of the im- 


control counts per minute) of normal C3H;/He mouse splenic mune surveillance concept concede that antitumor 
lymphocytes exposed to halothane/oxygen or to oxygen, in 


vitro. The immunosuppression induced by halothane exposure immunity eais; they claim that it is ineffective and 
in vitro parallels in vivo results. acts too late. 


TABLE 2 


Phytohemagglutinin-Induced Proliferative Responsiveness* of Tumor-Bearing C3H,/He Mouse Splenic Lymphocytes Exposed 
to Halothane/Oxygen or to Oxygen, in Vivo and in Vitro 


in vivo In vitro 
Exposure to Group 
Mean cpmt Sis Mean comt Sit 
Halothane/Os Experimental . 10,192.5 + 778.3 17 12,027.6 + 942.7 22 
Control§ 5,853.5 + 252.0 i 5,545.4 + 255.7 i 
Oxygen Experimental 20,384.4 + 1825.5 44 27 306.2 + 1631.0 3.9 
Control§ 4,625.2 + 274.8 n 6,922.2 + 487.6 ` 


* Lymphocyte stimulation was induced with leukoagglutinin in experimental cultures. 
+ Experimental anc control cultures were pulsed with tritiated (7H) thymidine and the results expressed in counts per minute (cpm) 
+ standard deviation. 
t Stimulation index is calculated by dividing the experimental mean counts per minute (?H-thymidine) incorporated in stimulated 
cultures by the mean counts per minute of control cultures. 
S Control refers to lack of lymphocyte stimulation by leukoagglutinin. 
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Any process, whether genetic or induced by drugs 
or physical agents, that causes immunosuppression 
can lead to an increased incidence of neoplasia. Stud- 
ies in experimental animals demonstrate that immu- 
nosuppression can increase the frequency of tumor 
induced by viruses or by chemical agents and dimin- 
ish the T-cell responsiveness (cell-mediated immu- 
nity) to tumors.® Although some have reported that 
anesthesia facilitated the development of experimen- 
tal oncogenesis in animals,’ other authors have attrib- 
uted no such effect to halothane.’ 

Whereas Cullen and Sundsmo” reported no signif- 
icant difference in mean survival time, tumor appear- 
ance or growth rate between anesthetized and control 
syngeneic or allogeneic mice inoculated with sarcoma 
I, they did not assay cell-mediated immunity. In the 
present study, which employed variables different 
from those of Cullen and Sundsmo, (viz, halothane 
concentration) and a different tumor-host system, the 
significant reduction in cell-mediated immunity of 
anesthetized tumor-bearing hosts compared with un- 
anesthetized tumor-bearing controls points to the po- 
tential hazard of any factor that may lead to further 
immunosuppression in the tumor-compromised host. 
Clearly, when cell-mediated immunity diminishes be- 
low a critical level, alterations in mean survival time, 
tumor appearance, and growth rate should become 
manifest. 

The in vitro exposure of lymphocytes derived from 
the peripheral blood of patients bearing tumor to 
polyclonal mitogens and to antigens is diminished 
compared to the responsiveness of lymphocytes from 
normal individuals. Indeed, operation may magnify 
the suppression of immunity in patients bearing tu- 
mors compared to those without neoplasms.” 

Although halothane and nitrous oxide have been 
demonstrated to inhibit cell-mediated cytotoxicity in 
vitro, it is doubtful whether this is translated into any 


meaningful or significant in vivo effect. Anesthetic 
agents, both general and local, have been demon- 
strated o exert an inhibitory effect on the killing of 
tumor target cells by patient leukocytes in sophisti- 
cated in vitro assay techniques.? 

In summary, the effects of anesthetic agents on 
animals bearing neoplasms may vary from one indi- 
vidual te another, depending on such variables as the 
level of umor immunity and the degree of immuno- 
suppres:ion. Thus, subjects with severely compro- 
mised hest resistance and excessive tumor mass could 
undergo critical depression of host resistance as a 
consequence of halothane anesthesia. 
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Failure of Cyanide to Antagonize 
Sodium Nitroprusside in Vivo 


in Dogs 


Berton Braverman, PhD,* Anthony D. Ivankovich, MD,T 
Lawrence M. Lavine, MD,ti and Arthur J. Klowden, MD§ 


BRAVERMAN, B., IVANKOVICH, A. D., LAVINE, L. M., AND KLOWDEN, A. J.: Failure of cyanide to 
antagonize sodium nitroprusside in vivo in dogs. Anesth Analg 59:672-677, 1980 


The role of cyanide (CN) in the mechanism of action of sodium nitroprusside (SNP) has not 
been weli defined. Some authors consider accumulation of CN in muscle to be the principal 
factor responsible for resistance to SNP when given to induce hypotension. To test this 
hypothesis, SNP was infused in 12 anesthetized dogs. Mean aortic blood pressure was 
reduced 5096 and dogs were maintained at this pressure for 5 minutes. After recovery, eight 
of the dogs (group 1) received a potassium cyanide (KCN) infusion at a rate of 0.0125 mg/ 
kg/min for 180 minutes; the other four dogs (group 2) were given saline solution and served 
as controls. After 180 minutes, all 12 dogs received a second infusion of SNP in the same 
dose as their first. No significant differences in blood pressure or heart rate were observed 
between groups. Left ventricular end-diastolic pressure (LVEDP) and dP/dt were elevated 
following KCN; however, after the second SNP infusion these parameters decreased in both 
groups. Cardiac output (Q,) decreased to 55% of baseline during the first SNP infusion and 
showed no significant changes during the second SNP infusion, but total peripheral resistance 
decreased significantly during both SNP infusions. Although whole-blood CN levels and gra- 
cilis muscle tissue CN concentrations were significantly greater (p « 0.05) in group 1 after 
KCN, the cardiovascular effects of SNP were not significantly altered by these increases in 
CN. The authors conclude that resistance to SNP in induced hypotension is not the result of 


direct effects of CN on smooth muscle. 
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ODIUM NITROPRUSSIDE (SNP), a potent, 

short-acting relaxant of cardiovascular smooth 
muscle, has been found beneficial in the treatment of 
hypertensive crises, congestive heart failure, and er- 
gotamine toxicity. In anesthesia it has been used 
increasingly for the deliberate induction of hypoten- 
sion. The occasional need to use large doses of SNP 
has been attributed to tachyphylaxis and resistance 
and has led to complications such as severe metabolic 
acidosis and even lethal poisoning due to cyanide 
(CN). Among the hypotheses delineated to explain 
the cause of tachyphylaxis and resistance have been 
involvement of the renin-angiotensin system,! cate- 
cholamine release,??barorecptor response with reflex 
tachycardia,* a decrease in endogenous thiosulfate,” 


BRAVERMAN ET A- 


and increased tissue CN concentration.5-? This last 
hypothesis, the most often cited, is based on in vitro 
studies which showed that CN attenuated vasodilation 
by SNP in the isolated animal muscle preparation? 
and antagonized the relaxant effect of this agent on 
the aortic smooth muscle strip.? 

As these in vitro experiments have never been 
confirmed in vivo, the purpose of the present study 
was to determine whether resistance to the hypoten- 
sive effects of SNP would be seen in dogs by increas- 
ing blood and tissue concentrations of CN during 
anesthesia. 


Methods 


Twelve mongrel dogs, weighing 15 to 20 kg each, 
were anesthetized with intravenous pentobarbital, 30 
mg/kg, intubated endotracheally, and ventilated (15 
ml/kg) with NeO (50960) and Oz (50%) by a Harvard 
ventilator pump. The ventilatory rate was adjusted to 
achieve a Paco, of 35 mm Hg before the start of the 
experiment; respiratory rate and tidal volume were 
kept at control values for each animal for the duration 
of the experiment. Supplemental doses of intravenous 


pentobarbital, 2.5 mg/kg, were given every 45 to 60 | 


minutes. À femoral artery was cannulated and the 
catheter was advanced to the abdominal aorta for 
pressure recordings and for measurement of blood 
gas tensions. 

A Swan-Ganz catheter was positioned through a 
femoral vein into the pulmonary artery for pressure 
recordings and for mixed-venous blood samples. The 
contralateral femoral vein was cannulated for infu- 
sions of SNP or potassium cyanide (KCN). The dogs 
were then given one intravenous injection of pancu- 
ronium (2 mg) and a transverse midsternal thoracot- 
omy was performed. Catheters were placed in the left 
and right atria for atrial pressure recording and an 
electromagnetic flow probe was placed on the main 
pulmonary artery to measure cardiac output (Q,). A 
short (8 cm), stiff catheter was placed directly through 
the myocaridal wall into the left ventricle to record 
left ventricular end-diastolic pressure (LVEDP) and to 
obtain the first derivative of left ventricular pressure 
(dP/dt) as an index of myocardial contractility. Pres- 
sures were measured with Statham P23la transducers 
and blood flow with a Narco flow meter; recordings 
were made on an Electronics for Medicine VR12 
polygraph. Blood loss was replaced with whole blood 
from donor dogs. ' 

All 12 dogs were given an intravenous infusion of 
SNP (50 mg/250 ml of 5% D/W, protected from light) 


with a Sage syringe pump; the rate of infusion was 
adjusted from 0.33 to 13 ml/min until mean blood 
pressure decreased to 50% of control. This hypoten- 
sive pressure was maintained for 5 minutes, after 


‘which ħfusion was stopped, the volume and rate of 


infusior. were recorded, and the blood pressure was 
allowec to return to baseline levels. The dogs were 
then divided into two groups. In eight dogs (group 1), 
KCN ir normal saline was infused for 180 minutes at 
a rate o7 0.0125 mg/kg/min, the predetermined opti- 
mum KCN administration rate for producing high 
tissue Concentrations of CN while still maintaining 
baseline cardiovascular parameters. 

Four dogs (group 2) served as controls, receiving 
the sarre volume of saline as group 1, but no KCN. 
Periodic recordings were made and blood samples 
were taken for blood gas and whole blood CN deter- 
minatioas. At the end of 180 minutes, each dog was 
given a :econd SNP infusion of the same dosage as its 
first infasion and then allowed to recover. 

In all dogs, whole blood and gracilis muscle tissue 
CN was determined by the microdiffusion method." 
Data were compared by two-way analysis of variance 
and, where statistical significance at the 0.05 level was 
found between groups, individual comparisons were 


made br the Student-Newman-Keuls method." 


Results 


Mean. blood pressure decreased rapidly in all 12 
dogs during the first infusion of SNP and remained 
at the 58% level until the infusion was discontinued 
(Figure). The amount of SNP necessary to lower mean 
blood p-essure varied considerably from animal to 
animal, -anging from 0.066 to 2.6 mg/min (0.47 + 
0.91 mg "min; mean + SE). The average blood pres- 
sure change was 64 mm Hg during the 2nd to 3rd 
minute ef SNP infusion in both groups. Blood pres- 
sare dic not significantly increase during the Ist 
minute »f recovery after the infusion was stopped 
(Figure), but returned to original levels within 5 min- 
utes (no- shown). The infusion of KCN in dogs in 
group 1 made no significant changes in blood pres- 
sure. SNP, given at the same rate and dose as the first 
administration produced the identical level of hypo- 
tension “54 + 6 vs 55 + 5 mm Hg mean blood 
pressure. Heart rate did not change significantly 
either during infusion of SNP or after KCN adminis- 
tration (Ligure). 

Left ventricular end-diastolic pressure decreased 
significamtly with SNP in group 1 but increased sig- 
nificantl- after 180 minutes of KCN infusion (Table 
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FIGURE. Blood pressure (lower graph) and heart rate (upper 
graph) before and after cyanide treatment in dogs (N = 8) given 
sodium nitroprusside. Dashed lines and open symbols are before 
cyanide treatment; solid lines and closed symbols are after 
cyanide treatment. C, control period; SNP, sodium nitroprusside; 
b/min, beats per minute. 


1). During the second infusion of SNP after KCN, it 
again decreased during the 1st minute but then grad- 
ually increased from the 2nd minute to the end of 
infusion (Table 1). Dogs in group 2 demonstrated a 
similar increase in LVEDP toward control levels dur- 
ing the second infusion of SNP (Table 2), but the 
response was not as marked as in group 1. 

Left ventricular dP/dt showed a 16% decrease in 
group 1 (Table 1) during the Ist minute of SNP and 
a 33% decrease by the 3rd minute. After 180 minutes 
of KCN infusion, left ventricular dP/dt increased 
significantly above base levels, then dropped 24% 
during the 1st minute of the second SNP infusion and 
30% at the 2nd minute. By the 5th minute of SNP 
after KCN, dP/dt had increased significantly, com- 
pared to the first SNP infusion. In group 2, dP/dt was 
2596 lower (Table 2) 5 minutes into the second SNP 
infusion than at 5 minutes into the first. 

Cardiac output steadily decreased during the first 
infusion of SNP until it was 55% of baseline by the 
4th minute in group 1 and 43% of baseline in group 
2. When SNP was infused a second time Q, did not 
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decrease in either group, nor did left and right atrial 
pressure decrease significantly during either the first 
or second infusion of SNP (Tables 1 and 2). 
Pulmonary arterial pressures (PAP) decreased sig- 
nificantly during the 1st minute of SNP in group 1 
but then increased while SNP was still being infused, 
until the difference was no longer significantly differ- 
ent from baseline. Group 2 demonstrated significant 
decreases in PAP during the second SNP infusion; 
however, the second baseline PAP was 4 mm Hg 
higher than the first. Total peripheral resistance 
(TPR), calculated from the equation TPR = (MBP — 
RAP)/Q: (in mm Hg/ml/sec), decreased approxi- 


mately 58% from baseline during the first infusion of | 


SNP (Table 1).After 180 minutes of KCN, TPR in- 
creased significantly compared to the first baseline 
period and decreased 44% during the second SNP 
infusion (Table 1). Animals in group 2 did not dem- 
onstrate any significant changes in TPR over 180 
minutes of saline infusion; TPR decreased 40% and 
46% during the first and second SNP infusions, re- 
spectively. 

Whole blood CN concentrations were 2.81 + 0.76 
pm/L in group 1 and 1.88 + 0.80 um/L in group 2 after 
the first SNP infusion and before the KCN or saline. 
These concentrations are within the laboratory range 
for normal values, 5 to 6 uM/L (for humans). After 
180 minutes of KCN infusion at 0.0125 mg/kg/min 
and the second SNP infusion, whole blood cyanide 
concentration in group 1 was 9.84 + 2.81 um/L, sig- 
nificantly greater than whole blood concentration of 
CN in animals given saline (3.44 + 0.56 uM/L after 
the second infusion). The gracilis muscle tissue cya- 
nide concentration in group 1 (2.29 + 1.22 uM/100 g) 
was significantly higher than in group 2 (0.31 + 0.10 
uM/100 g). 

Arterial Po, increased from baseline measurements 
of 129 + 9 mm Hg to 147 + 7 mm Hg after 180 
minutes of KCN in group 1, while arterial Pco, did 
not change significantly (34 + 2 mm Hg before KCN; 
37 + 1 mm Hg after KCN). Arterial blood gas values 
did not change significantly in group 2. Arterial pH 
values decreased from control measurements of 7.35 
+ 0.03 to 7.22 + 0.03 after 180 minutes of KCN in 
group 1; the acidosis was not corrected. Arterial pH 
in group 2 did not significantly change after 180 
minutes of saline. 


Discussion 


The role of CN in tachyphylaxis or resistance to 
induced hypotension with SNP is controversial. In a 


[de —. 


TABLE 1 


BRAVERMAN ET AL 


Effects of SNP Before and After Cyanide Infusion (Group 1)* 


Time before (a) or 
mm Hg mm Hg 





mm Hg/sec 


Tn 
0 a 1574 + 205 169 + 8 
b 1922 + 285+ | 167 + 13 
SNP infusion 
1 a 1320 + 204 168 +8 
b 1456 + 331 176 + 12 
2 a 1290 x 203 158 + 8 
b 1351 + 287 158 + 12 
3 a 1093 + 163+ | 155+ 8 
b 1488 + 271 | 158 £ 14 
4 a 1169 +115 197 £7 
b 1535 + 190 157 + 12 
5 a 1178+ 135 15445 
b 1655 + 196f | 157 + 12 
SNP infusion off 
6 a 1209 + 127 153 + 8 
b 1409 + 133 157 + 10 


am Ha 


beats/min 


mm Hg/ml/sec 


14.0 + 2.0 4.32 + 0.36 
16.0 + 1.5 7.59 x 1.171 
9.0 + 1.04 2.49 + 0.251 
1C.0 + 2.01 3.31 + 0.751 
&.0 + 1.0+ 2.83 + 0.281 
13.0 + 1.8¢ 3.94 + 0.901 
10.0 + 2.0 0.93 + 0.16t| 3.52 + 0.43 
12.5 + 1.5 1.14 +0.30 | 4.25 4 0.95 
10.0 + 2.0 0.91 + 0.15f| 3.704 0.54 
12.0 + 1.8 1.17+0.30 | 4.82 + 1.09 
11.0 + 2.0 0.97 + 0.16f] 3.83 + 0.79 
12.0 + 1.4 1.20 = 0.28 | 4.33 x 0.93 
11.0 + 2.0 1.25 = 0.95 | 3.63 + 0.58 
11.0 + 2.0 1.15 2 0.20 | 4.34 + 0.95 





* Values are means + standard error. Abbreviations used are: BP, mean aortic blood pressure; LVEDP, left ventricular end-diastolic pressure; HR, 
heart rate; PAP, mean pulmonary artery pressure; LAP, left atrial pressure; RAP. right atrial pressure; Q,, cardiac outut; TPR, total peripheral resistance. 


N = eight dogs. 


T p « 0.05 control. 


t p< 0.05avsb. 


TABLE 2 


Effects of SNP Before and After Saline Infusion (Group zi 


Time before (a) or 


mm Hg/sec | beats/min 
— : 
QO a 1695 + 279 154+ 7 
b 1681 + 369 150 + 11 
SNP infusion 
1 a 0.5 + 0.7f | 1316 + 267 157 + 10 
b 1.2 + 0.51 | 1445 + 288 153 +13 
2 a 0.4 x 1.0f | 1366 + 348 159 +12 
b 1.3 + 1.2 | 1102 + 313 152 + 16 
3 a 0.2 + 1.011 1254 + 2471 | 162+ 13 
b 1.4 1.5 1049 + 202] | 155+ 12 
4 a 1329 + 383 155 + 13 
b 1069 + 222+ | 150 +15 
5 a 1311 + 421 154 +10 
b 985 + 226+} | 152 + 15 
SNP infusion off 
6 a 1162 + 328 153411 
b 1270 + 260 153 + 12 


* Values are means + standard error. Abbreviations as in Table 1. N = four dogs. 


T p < 0.05 control. 


ip«0.05avsb. 





TPR 


mm Hg/ml/ sec 


5.43 + 0.75 
6.54 + 1.11 

5.0 + 0.9 2.15 + 0.30ł 

6.7 + 1.2 3.01 + 0.761 

4.0 + 1.0 2.19 + 0.131 

7.8 + 1.8 1.48 + 0.32+ | 3.23 + 0.851 

4.0 + 1.0 1.04 + 0.22 | 2.424 1.171 

6.3 + 0.9 1.86 + 0.30 | 3.80 + 1.301 

4.0 + 1.1 0.98 + 0.20 | 2.80 + 0.301 

6.0 + 1.7 1.28 + 0.38 | 4.16 + 1.391 

4.5 + 1.2 0.94 + 0.221 | 3.04 + 0.531 
6.0 + 1.1 1.20 +0.28 | 4.43 + 1.32 

120 +20 |50+09 0.90 + 0.20f | 2.95 + 0.4Cł 

15.0 + 3.0 | 8.7 +2.33 1.08 + 0.28 | 4.74 + 1.30 


review of SNP toxicity, Greiss et al? noted a small 
population of patients (children and adolescents) who 
displayed definite resistance to SNP within 5 to 10 
minutes of starting the infusion. They hypothesized 
this resistance was due to abnormal thiosulfate me- 
tabolism or low endogenous thiosulfate levels; either 
would curtail the detoxification of CN to thiocyanate 
and lead to accumulation of CN in vascular smooth 
muscle which would interfere with SNP vasodilation. 


Both Tremblay et al? and Grayling et al? in in vitro 
studies of SNP, reported CN to be a specific antago- 
nist to the relaxing effects of SNP on smooth muscle. 
However, the concentration of CN in the bathing 
fluids used in their experiments was much higher 
than the CN concentrations in our studies or in those 
of Tinker and Michenfelder.! In pilot in vivo studies 
we had found that dogs would not tolerate higher 
doses of CN and still maintain their cardiovascular 
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status; they became hypotensive and died shortly 
thereafter. Doses of CN higher than those used in our 
present study were lethal in dogs. Therefore, it ap- 
pears unlikely that vascular tissue levels of cyanide 
can be elevated to the concentrations necessary to 
inhibit directly SNP in vivo. 

Is there any evidence that high blood cyanide levels 
produce resistance to SNP in humans? Davies and 
associates”, ? reported two cases of SNP tachyphy- 
laxis and one case of SNP resistance which led to 
death due to cyanide toxicity. These authors hypoth- 
esized that since they failed to find high concentra- 
tions of thiocyanate in the blood and urine of these 
patients, the patients must have been unable to de- 
toxify CN which then led to CN accumulation in 
vascular tissue arid, thus, to tachyphylaxis or resist- 
ance to SNP. In reviewing the cases of Davies et al, 
Greiss and associates” stated that about 30% of their 
pediatric population showed tachyphylaxis to SNP, 
attributing the mechanism to this hypothesis, without 
further elaboration. However, plasma thiocyanate lev- 
els have been shown to increase only after several 
hours of SNP infusion under experimental condi- 
tions. In addition, Cottrell and associates!” failed to 
show tachyphylaxis in a control] group of patients in 
whom red cell CN was 2.5 times higher than in their 
hydroxocobalamin-treated group. Both groups of pa- 
tients required the same amount of SNP to maintain 
systolic pressure at 70 mm Hg despite the different 
blood cyanide levels. 

Recently, Cole* questioned the CN-excess hypoth- 
esis to explain SNP tachyphylaxis and resistance, 
noting that defects in CN metabolism are rare. He 
suggested that such reactions, especially in pediatric 
anesthesia, were.caused by baroreceptor-mediated 
reflex tachycardia. He, as well as others,” noted that 
proper anesthetic technique, combined with the oc- 
casional use of beta-adrenergic blocking agents, alle- 
viated these reflex responses and prevented tachy- 
phylaxis to SNP. Bedford’? found that increasing the 
anesthetic agent, halothane, permitted smaller dosage 
of SNP. 

In a recent study Vesey et al proposed that the 
dog may metabolize CN faster than man, but this 
effect was noted in response to a bolus injection of 
KCN. Michenfelder's study,” in which SNP was in- 
fused over several hours, demonstrated a linear dose- 
dependent and time-dependent increase in whole 
blood and tissue CN levels in the dog. In our labora- 
tories, we have observed similar results when dogs 
were given hypotensive doses of SNP over several 
hours with continuous monitoring. In fact, we have 
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observed that the requirements for maintaining a 
desired level of hypotension with SNP in dogs de- 
crease, rather than increase, as the CN level in blood 
and concentration in tissue increase. 

In the present study, the effects of SNP on blood - 
pressure and heart rate were not found to be signifi- 
cantly altered by increasing the plasma level and 
tissue concentration of CN. Since heart rate was al- 
ready high at the start of the experiments, reflex 
increases would probably not be physiologically pos- 
sible. 


Little or no decrease in Q, was seen during the 


‘second SNP infusion; this can be explained by the 


addition of 180 minutes of anesthesia plus the CN 
infusion, which produced a degree of myocardial 
depression (noted by an increase in left atrial pressure 


‘and LVEDP), which was then alleviated by the SNP 


infusion. 

Since dogs in both groups in the present study 
demonstrated the same response to an infusion of 
SNP, with or without the addition of KCN, we con- 
clude that CN does not play a direct role in the 
tachyphylaxis or resistance to the hypotensive effects 
of SNP in vivo in dogs. 
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Cocaine and General Anesthesia 


Eighteen patients undergoing coronary artery surgery were observed to examine whether cocaine 
in a clinically used dose exerts sympathomimetic effects during general anesthesia. Eleven patients 
received cocaine hydrochloride as a 10% solution (1.5 mg/kg) applied topically to the nasal mucosa 
before nasotracheal intubation. Seven patients had a similar procedure without cocaine, using saline. 
Blood pressure, pulse rate, cardiac index, left ventricular stroke work index, total peripheral vascular 
resistance, and pulmonary vascular resistance were measured. There were no statistically significant 
or clinically important differences in. cardiovascular function between patient groups. The rapid rise 
in plasma cocaine concentration, reaching 331 ng/m. at 30 minutes and 320 ng/ml at 45 minutes, 
bore no apparent relationship to any changes in cardiovascular function. The authors conclude that 
under the conditions of this study, administration of topical cocaine does not exert any clinically 
significant sympathomimetic effect and appears to be well tolerated in anesthetized patients with 
coronary artery disease. (Barash PG, Kopriva CJ, Langou R, et al: Is cocaine a sympathetic stimulant 
during general anesthesia? JAMA 243:1437-1439, 1980) 
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Neuromuscular Drug Interactions of 


Clinical Importance  . 
Jurgen Bruckner, MD,* Kelley C. Thomas, Jr., MS, T George B. Bikhazi, 


MD, and Francis F. Foldes, MD§ 


BRUCKNER, J., THOMAS, K. C., JR., BIKHAZI, G. B., AND FOLDES, F. F.: Neuromuscular drug 
interactions of clinical importance. Anesth Analg 59:678-682, 1980. 


The addition of marginally effective concentrations of d-tubocurarine (d-Tc), neomycin, or 
polymyxin B to the organ bath of rat phrenic nerve-hemidiaphragm preparations significantly 
(p « 0.05 to 0.001) increased the neuromuscular (NM) blocking effect of lidocaine. When 
both d-Tc and neomycin or polymyxin B were added the increase of the NM effect of lidocaine 
was even greater (p « 0.001). Washout re-established NM transmission. The NM block 
produced by combinations of d-Tc, neomycin, or polymyxin and lidocaine could be reversed 


partially by Ca** or neostigmine, and completely by 4-aminopyridine. The block caused by d- 
Tc and lidocaine was partially antagonized by neostigmine or 4-aminopyridine. The neomycin- 
lidocaine or the polymyxin B-lidocaine block, however, was not antagonized by these com- 

pounds. The concentrations of d-Tc, antibiotics, and lidocaine that caused significant block in 


this in vitro preparation may be present at the NM junction of patients, who in the periopera- 
tive period had received combinations of therapeutic doses of d-Tc, neomycin, other amina- 
glycosides, or polymyxin B and lidocaine. This may cause impairment of spontaneous respira- 


tion requiring assisted ventilation. 


Key Words: ANTAGONISTS, Neuromuscular relaxants: 4-aminopyridine; neostigmine; NEUROMUSCULAR RELAX- 
ANTS: d-tubocurarine; INTERACTIONS: drug; ANESTHETICS, Local: lidocaine; ANTIBIOTICS. 


T HAS BEEN reported that neuromuscular (NM) 

blocking agents (relaxants) and aminoglycoside or 
polypeptide-type antibiotics! or local anesthetics? mu- 
tually potentiate the NM effect of one another. The 
potential dangers of the simultaneous clinical admin- 
istration of relaxants and large doses of antibiotics 
have been adequately demonstrated? and the injudi- 
cious use of such combinations is generally avoided. 
Little information is available, however, on the inter- 
action of antibiotics and local anesthetics, or that of 
relaxants, antibiotics, and local anesthetics at the NM 
junction.* Lidocaine hydrochloride (Xylocaine) is fre- 
quently employed ir: the treatment of cardiac arrhyth- 
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mias.”® It is therefore conceivable that patients who 
have received antibiotics with NM blocking activity 
will also receive intravenous lidocaine for the man- 
agement of cardiac arrhythmias. Furthermore, in the 
immediate perioperative period it may become nec- 
essary to administer lidocaine to patients who have 
recently received relaxants and/or antibiotics during 
surgery. In view of the unknown effects of such drug 
combinations we have investigated interactions at the 
NM junction between lidocaine and representative 
antibiotics and d-tubocurarine chloride (d-Tc). 


Methods 


The experiments were carried out on the phrenic 
nerve hemidiaphragm preparations’ of male Sprague- 
Dawley rats of 300 to 350 g body weight, suspended 
in organ baths! containing modified mammalian 
Krebs’ solution? aerated with 95% Os and 5% CO; 
and kept at 37 C. The concentrations of NaCl (113 


rr 
Fd 


adp— -. 


BRÜCKNER ET AL 


mM) and KC! (4.7 mm), NaHCO; (25 mm), KH;PO, 
(2.5 mm), and glucose (11.5 mm) were the same as in 
the original Krebs' solution. The concentrations of 
CaCle [CaCl] and [MgSO,], however, were decreased 
from 2.5 to 1.4 mM and from 1.2 to 0.9 mm, respec- 
tively. This was done to obtain, in the protein-free 
electrolyte solution, the same concentrations of Ca?* 
and Mg?* (1.1 and 0.8 mw, respectively)? that are 
present, because of protein binding, in human and rat 
plasma containing 2.5 and 1.2 mM total calcium and 
magnesium, respectively. 

To simulate the types of stimuli associated with 
voluntary muscle movements? the preparations were 
stimulated through the phrenic nerve with 0.1-second 
trains of 50-Hz supramaximal square wave impulses 
of 0.2-msec duration delivered every 10 seconds with 
a Grass 544 stimulator through an 5145 stimulus 
isolation unit. The tetanic tension elicited was meas- 
ured with an FT03 force displacement transducer and 
recorded on a Grass model 7D polygraph. After about 
10 minutes of preliminary stimulation the optimal 
resting tension of the muscle was determined by trial 
and error, and, when tension output became stable, 
NM block greater than 9096 was produced with grad- 
ually increasing concentrations of lidocaine. In other 
experiments lidocaine was preceded by the addition 
of 0.2 ug/ml of d-Tc, 20 ug/ml of neomyciri sulfate, 
7 pg/ml of polymyxin B sulfate, 0.2 ug/ml of d-Tc 
plus 20 pg/ml of neomycin, or 0.2 ug/ml of d-Tc plus 
7 ug/ml of polymyxin B. From the data obtained in 
each experiment the best fit log dose-response regres- 
sion lines and the ED50 and ED90 concentrations of 
the NM blocking effect of lidocaine and lidocaine 
preceded by the various drug combinations were 


TABLE 


determined with a Hewlett-Packard model 97 desk 
calculator. From the individual values the means and 
the standard errors of the means (SEM) of the ED50 
and ED90 were calculated. 

After greater than 9096 block had been established 
the influence of washout followed by the addition of 
4 ug/ml of 4-aminopyridine hydrochloride (4-APYR), 
or the addition of 0.25 ug/ml of neostigmine meth- 
ylsulfate followed by 4 pg/ml of 4- APYR and wash- 
out, or the addition of 4 ug/ml of 4-APYR followed 
by washout was determined. In the experiments with 
lidocaine preceded by d-Tc and neomycin or d-Tc 
and polymyxin B the effect of increasing the CaCle 
concentration from 1.4 to 2.5 mM and subsequently 
to 5.0 mM was also observed. 

The significance of the difference of the EDSC and 
ED90 concentration of lidocaine determined under 
different experimental conditions had been deter- 
mined with Student’s t-test. 


Results 


The experimental findings summarized in the Table 
indicate that the NM block caused by d-Tc, neomycin, 
or polymyxin B, or by the combination of d-Tc and 
neomycin in the concentrations employed was less 
than 20%. The combination of d-Tc and polymyxin B 
caused a 42.5 + 3.4% NM block. The preliminary 
administration of these compounds, however, greatly 
increased the NM blocking action of lidocaine. This 
increase was significant at the p < 0.05 level for the 
neomycin-lidocaine combination and at the p < 0.001 
level for the combinations of all the other compounds 
with lidocaine (Fig 1). 


Actions and interactions of d-Tubocurarine, Neomycin, Polymyxin B, and Lidocaine at the Neuromuscular Junction 


Compound(s) and their sequence 
of administration * 


d-Tubocurarine Neomycin 

Lidocaine (7) — — 
d-Tubocurarinet — lidocaine 16.3 + 1.7 — 

(6) 
Neomycin — lidocaine (5) — 3.2 € 3.5 
Polymyxin — lidocaine (6) — = 
d-Tubocurarine — neomycin 48+1.4 16.1 + 2.9 

-> lidocaine (7) 
d-Tubocurarine — polymyxin 7.9 + 1.4 — 


—» lidocaine (7) 


Neuromuscular block (% of control) after 


Lidocaine 
Polymyxin Lidocaine ED50 EDSO 
ug/mi 
— 91.2 +t 0.5 36.3 + 1.7 74.7 + 3.8 
~— 89.1 + 0.8 6.4 + O.41 21.4 + O.8T 
— 93.4 + 0.9 28.9 + 1.94 61.3 + 2.71 
8.8 + 3.0 91.1 3: 0.5 15.4 + 0.71. 37.0 + 1.91 
-— 89.9 + 1.1 2.6 + 0.27 12.0 + O.9t 
42.5 + 3.4 90.1 + 0.6 1.324 O.1 t i11.0 + 0.71 


* Mean + standard error of the mean of the number of observations is indicated in parentheses. Bath concentrations of d-Tc (0.2 
ug/ ml), neomycin (20 pg/ml), and polymyxin B (7 ug/ml) were kept constant in all experiments. — 

t Significant difference (Student's t-test) from lidocaine alone values at the p « 0.001 level. 

t Significant différence (Student's t-test) from lidocaine alone values at the p « 0.05 level. 
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1. LIDOCAINE 
2. NEOMYCIN —@ LIDOCAINE 
3. POLYMYXIN —— LIDOCAINE 


4. d-TUBOCURARINE-—LIDOCAINE 
5. d-To-NEOMYCIN —— LIDOCAINE 
6. d-Tc -—POLYMYXIN —eLIDOCAINE 
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Fia 1. ED50 and EDO9O values of lidocaine alone or preceded 
by 0.2 ug/mi (final bath concentration) of d-tubocurarine, 20 
ug/ml of neomycine, 7 pg/ml of polymyxin B, 0.2 ug/ml of d- 
tubocurarine plus 20 ug/ml of neomycin, or 0.2 ug/ml of d- 
tubocurarine plus 7 ug/ml of polymyxin .B. Horizontal bars 
indicate standard error of the mean. * and ** indicate signifi- 
cance (Student's t-test) at the p < 0.05 and p < 0.001 levels, 
respectively, from the “lidocaine alone” values. 
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Fig 2. Antagonism of the «9096 neuromuscular block induced 
by the combinations of the indicated bath concentrations (cu- 
mulative concentrations of the last drug added are indicated by 
numbers above arrows) of d-tubocurarine, neomycin, and lido- 
caine by washout (top tracing); increase of the [Ca] from 1.4 to 
2.5 mM followed by 4-aminopyridine and washout (second trac- 
ing); neostigmine followed by 4-aminopyridine, followed by 
washout (third tracing); or by 4-aminopyridine alone. Note that 
calcium and neostigmine caused partial recovery of the force of 
contraction. Washout and 4-aminopyridine caused recovery of 
the tension output to or above its control value. 


After NM block of about 90% had been established, 
replacement of the bathing fluid with drug-free elec- 
trolyte solution (washout) increased the force of con- 
traction of the preparations close to, or occasionally 
slightly above their control values (Figs 2 and 3). The 
addition of 4 ug/ml of 4-APYR to the bath after 
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washout invariably caused a further increase of the 
tension output. Increasing the [CaCl] from 1.4 to 2.5 
mM and the [Ca**] from 1.1 to 2.0 mw after 90% block 
had been produced by the combination of d-Tc, 
neomycin, and lidocaine increased the force of con- 
traction to 44% in one and to 61% in another experi- 
ment. Further increase of the [CaCl;] to 5.0 mM caused 
no additional augmentation of the tension output. 
The subsequent addition of 4 ug/ml of 4-APYR to the 
bath, however, increased the tension output above its 
control (Fig 2). The influence of CaCl alone or to- 
gether with 4-APYR on the block caused by the 
combination of d-Tc, polymyxin B, and lidocaine was 
similar (Fig 3). Neostigmine partially antagonized the 
block induced by all combinations containing d-Tc 
(Figs 2 and 3). The subsequent addition of 4-APYR 
further increased the tension ouput close to or above 
control (Figs 2 and 3). When used alone 4-APYR had 
invariably greater antagonistic effect than neostigmine 
on the block induced by drug combinations that 
included d-Tc. Neither neostigmine nor 4-APYR 
alone, or combined, antagonized the NM block in- 
duced by the neomycin-lidocaine or the polymyxin B 
lidocaine combinations. 


Discussion 


The findings of this study indicate that the prior 
administration of neomycin and polymyxin B signif- 
icantly increases the NM blocking effect of lidocaine. 
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Fig 3. Experimental conditions as in Fig 2 except that instead 
of neomycin, polymyxin B was used. Note that the reversal of 
the neuromuscular block by washout, calcium, neostigmine, and” 
4-aminopyridine is less than that shown in Fig. 2. Tension output 
only returned to contro! when washout was followed by 4-ami- 
nopyridine or 4-aminopyridine was followed by washout. 
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When either of these two antibiotics was administered 
together with d-Tc the increase of the NM potency of 
lidocaine was even greater. The greater than additive 
NM effect of combinations of lidocaine with d- Tc and 
neomycin or polymyxin B can be explained by the 
different sites of action of these compounds. Lido- 
caine may block conduction of the nonmyelinated 
terminal motor nerve fiber," interfere with presyn- 
aptic acetylcholine release, and inhibit depolariza- 
tion of the postjunctional membrane by blocking the 
Na* and K* channels." d-Tc inhibits the adsorption 
of acetylcholine to the cholingergic receptors of the 
postjunctional membrane and may also interfere with 
the positive nicotinic feedback mechanism of presyn- 
aptic acetylcholine release." Neomycin and probably 
also polymyxin B have a Mg”*-like inhibitory effect 
on presynaptic acetylcholine release” and a stabiliz- 
ing’ (anti-depolarizing) effect on the postjunctional 
membrane." 

The antagonism of the NM block caused by the 
various combinations of d-Tc, antibiotics, and lido- 
caine by neostigmine and 4-APYR followed the ex- 
pected pattern. Since both neostigmine and 4- APYR 
antagonize NM block produced by d-Tc, the NM 
effects of all drug combinations that included d-Tc 
were reversed partially by neostigmine and com- 
pletely by 4-APYR. Lidocaine is antagonized by nei- 
ther neostigmine nor 4-APYR.? Accordingly, with the 
neomycin-lidocaine or polymyxin B-lidocaine com- 
binations, where the NM block was primarily due to 
the relatively high concentrations of lidocaine, neither 
neostigmine nor 4-APYR were effective antagonists. 

The concentrations of lidocaine required to produce 
NM block after the preliminary administration of 
moderate concentrations of neomycin or polymyxin 
B in the phrenic nerve-hemidiaphragm preparation 
are unlikely to be encountered under clinical circum- 
stances. Ít is not inconceivable, however, that after 
massive doses of these antibiotics antiarrhythmic 
doses of lidocaine may cause significant NM block. 

The situation is quite different, when in addition to 
an antibiotic, small concentrations of a relaxant (e.g., 
d-Tc) are also present at the NM junction. Under 
these circumstances the NM ED50 of lidocaine be- 
comes about 10 times lower (Table). It is conceivable 
that when a patient's NM activity is apparently nor- 
mal at the end of anesthesia, i.e., there is no decrement 
in the "train-of-four" response," but when more than 
7096 of the cholinergic receptors may be occupied by 
relaxant molecules concentrations of d-Tc similar to 
those used in this study may be present at the NM 
junction. If these patients have also received antibiot- 


ics, significant impairment of NM activity may de- 
velop. l 

The possibility of the development of NM block at 
the end of surgery after the combined use of relaxants, 
antibiotics, and lidocaine should not be considered a 
contraindication to the therapeutic use of these com- 
pounds. It is important, however, to realize that res- 
piration may become impaired when the NM junction 
is exposed simultaneously to doses of relaxants, an- 
tibiotics, and lidocaine which when administered 
alone would have little or no effect on NM transmis- 
sion. The hypoxemia caused by impaired function of 
the respiratory muscles should not be attributed to 
the cardiac condition that had been the indication for 
the use of lidocaine and it should be promptly relieved 
by assisting or controlling ventilation with Os. When 
there is an overriding indication for the continued 
administration of lidocaine, ventilatory assistance 
must be continued until the NM effects of one or 
both of the other two compounds wear off. 

Although the NM block caused by combinations of 
d- Tc, antibiotics, and relaxants can be partially antag- 
onized by neostigmine and completely antagonized 
by 4-APYR, in patients who need lidocaine for the 
treatment of cardiac arrhythmias mechanical ventila- 
tion with Os is preferable to the use of these com- 
pounds. 

In conclusion, the in vitro studies on the interaction 
of marginally effective concentrations of d-Tc with 
neostigmine, other aminoglycosides,* or polymyxin B 
and lidocaine at the NM junction suggest that when 
administered in even small doses to patients in the 
perioperative period, they may cause decreased activ- 
ity or, in extreme cases, paralysis of the respiratory 
muscles. It is important that the anesthesiologist be 
aware of the possibility of this complication. If it 
occurs it should be promptly treated with artificial 
ventilation with Os rather than by use of antagonists. 
The use of antagonists, preferably 4- APYR, should be 
restricted to those patients in whom inadequate me- 
tabolism or excretion of the antibiotic, lidocaine, or 
both causes NM block of excessive duration. 
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Changes in Intrapulmonary Shunting with 100% Oxygen 


The effects of increasing the fractional concentration of oxygen in the inspired gas to 1.0 on 
intrapulmonary shunting (Qsp) was evaluated in 82 intubated cardiovascularly stable patients in 
intensive care, regardless of airway pressure therapy or preexistent pulmonary pathologic abnormal- 
ities. Intrapulmonary shunting following administration of 10096 oxygen increased in 132 of 140 
measurements, decreased in seven, and remained unchanged in one measurement. These data clearly 
demonstrate that breathing 10096 oxygen for a minimum of 20 minutes significantly increases the 
calculated intrapulmonary shunt in most patients in intensive care. Furthermore, this increase in 
intrapulmonary shunting occurs regardless of airway pressure therapy or preexistent pulmonary 
pathologic abnormalities. The two most likely explanations for this effect are (1) denitrogenation 
(nitrogen shunting), with resultant absorption atelectasis in poorly ventilated areas, and (2) redistri- 
bution of regional pulmonary blood flow secondary to vascular autoregulatory mechanisms, in 
response to the increasing Pao,. The authors recommend that clinical measurements of shunting for 
purposes of following intrapulmonary pathologic abnormalities be accomplished at maintenance 
values of Fio, or at some reference point well below 100% oxygen. (Shapiro BA, Cane RD, Harrison 
RA, et al: Changes in intrapulmonary shunting with administration of 100 percent oxygen. Chest 77: 
138-141, 1980) 


See also —Wagner PD: Editorial: Interpretation of arterial blood gases. Chest 77:131 -132, 1980. 
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Mixtures of Local Anesthetics: 
Bupivacaine-Chloroprocaine 
Anibal Galindo, MD, PhD,* and Terry Witcher, BST 


GALINDO, A., AND WITCHER, T.: Mixtures of local anesthetics: bupivacaine-chloroprocaine. 
Anesth Analg 59: 683-685, 1980. 


Experiments were performed in a rat sciatic nerve preparation to determine the characteristics 
of nerve blocks produced by a combination of commercially available solutions of bupivacaine 
and chloroprocaine. A mixture of equal parts of commerciallv available chloroprocaine 296 and 


bupivacaine 0.596 resulted in a nerve blockade with characteristics of a chloroprocaine block. 
(Changing the pH value of this mixture from 3.60 to 5.56 changed these characteristics to a 
blockade resembling that produced by bupivacaine. It is concluded that the nerve blockades 
obtained by mixing commercially available solutions of local anesthetics are unpredictable and 
may depend on a number of factors which include not only the types of drugs but the pH of 


the mixture. 


Key Words: ANESTHETICS, Local: bupivacaine; ANESTHETICS, Local: chloroprocaine. 


HE MIXTURE of an anesthetic of short duration 

and rapid onset, such as chloroprocaine, with one 
of long duration but slow onset, such as bupivacaine, 
is said to induce a nerve block having the best char- 
acteristics of the individual agents.! Our clinical ex- 
perience, however, does not confirm this belief.” Mix- 
ing anesthetic solutions, commercially prepared to be 
used as individual agents, may alter the ideal pH for 
one or both drugs. Anesthetics may also compete for 
receptor sites? with one agent dominating the ensuing 
block. 

The objective of this work was s to determine, under 
laboratory conditions, the characteristics of nerve 
blocks produced by commercially available. solutions 
of chloroprocaine and bupivacaine alone and in com- 
bination. 


Methods 
Thirty-six experiments were performed using rat 
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sciatic nerve preparations. Rats (250 mg) were anes- 
thetized with intraperitoneal pentobarbital (30 mg/ 
kg), paralyzed with intramuscular gallamine triethio- 
dide (Flaxedil, 5 to 10 mg) and ventilated with a small 
animal respirator (Harvard). Both sciatic nerves were 
dissected with special care to preserve their blood 
supply. Temperature of the preparation was main- 
tained at 35 + 1 C. Electrical stimulation was per- 
formed using square wave pulses of 0.1-msec duration 
and suprathreshold voltage at a frequency of 5 Hz 
(Grass 588 stimulator). Recording was made distally 
using platinum electrodes 5 mm apart. Compound 
action potentials were amplified and displayed on a 
two-channel memory oscilloscope for measurements 
and permanent photographic record. 

The nerves were crushed between recording elec- 
irodes to obtain monophasic action potentials and 
near the spinal cord to avoid reflex stimulation. 

The anesthetic solutions (0.5 ml) were applied to a 
3-mm segment of the sciatic nerve, wrapped with 
tissue paper, for a period of 10 minutes followed by 
washout with warm Ringer's solution pH 7.2 to 7.4." 
Two different anesthetic solutions were applied to 
each pair of nerves in any given experiment. Changes 
in the amplitude of the nerve action potential, as 
measured on a Tektronix 565 oscilloscope, were used 
to determine the effects of solutions of chloroprocaine 
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BUPIVACAINE-CHLOROPROCAINE MIXTURES 


1% (Nesacaine, Pennwalt, pH 3.56), bupivacaine 0.25% 
(Marcaine, Winthrop, pH 5.60, or bupivacaine (Ab- 
bott), pH 6.11), a mixture of equal parts of Nesacaine 
2% and Marcaine 0.5% (pH 3.60), and equal parts of 
Nesacaine 2% and Marcaine 0.5% with sodium bicar- 
bonate added to obtain a pH of 5.56. The results were 
plotted as percentage depression vs time; separate 
regressions for each experiment were run during the 
first 30 minutes of the recovery period.” These regres- 
sions were averaged within each treatment group to 
obtain a common slope; the groups' slopes were 
compared by analysis of covariance (Figure). 


Results 


Changes in amplitude of the nerve action potential 
observed with the combination of commercially avail- 
able chloroprocaine-bupivacaine resembled that ob- 
tained with chloroprocaine alone (Table). The long 
duration block characteristic of bupivacaine was not 
apparent when mixtures of the two drugs as commer- 
cially provided were studied (Figure). Changing the 
pH value of the mixture from 3.60 to 5.56, however, 
slowed the rate of recovery (Figure) to the extent that 
the rate of recovery then resembled that observed 
after application of bupivacaine alone. 


Discussion 


Combining commercially available anesthetic so- 
lutions may not result in the theoretical advantages 
suggested by single drug effects, since local anes- 
thetics differ in their physicochemical characteristics, 
possible mechanisms and sites of action, as well as 
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Figure. Normalized regression analysis of the rate of recovery 
of the sciatic nerve action potential. This rate was significantly 
faster following 10 minutes of application of commercially avail- 
able chloroprocaine 1% (C) or the mixture of chloroprocaine 1% 
and bupivacaine 0.25% (X) at pH 3.60, than it was following 
application cf bupivacaine 0.25% (B) alone or in combination 
with chloroprocaine 1% but with a pH of 5.56. 
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TABLE 


Depression of Compound Nerve Action Potential by Various 
Anesthetic Solutions 

a a UNTERE ERE EE NER 
% depression of action 


Drug e Dap potential 10 min after 
S MT I 
administration * 
Chioroprocaine 1% 9 64 X4 
Bupivacaine 0.2596 8 44 3x7 
Mixture, pH 3.60 12 66 +5 
Mixture, pH 5.56 7 o1 t7 





* Means x standard error. 


the pH value of the solution as provided by the 
manufacturer. A given pH value in an anesthetic 
mixture of two drugs may favor the active form (base 
or cationic) of one of the anesthetics, thus preventing 
the other from occupying the active sites. Under these 
circumstances, results obtained by the mixture may 
be dominated by one of the drugs. However, early 
clinical observations supported the use of local anes- 
thetic mixtures despite lack of concrete evidence in 
their favor.? In experimental observations, using the 
response to painful stimuli during epidural anesthesia 
in dogs, Defalque and Stoelting’ found reason to 
doubt the theoretical advantages of mixing tetracaine 
with procaine or lidocaine under certain circum- 
stances. In the present work we have developed a 
neurophysiologic preparation for in vivo testing of 
local anesthetic mixtures in a mammalian nerve. Re- 
sults indicate that the pH value of mixtures of local 
anesthetics is an important factor in determining how 
the mixtures act. When commercially available solu- 
tions of chloroprocaine and bupivacaine are mixed to 
obtain anesthesia with rapid onset and long duration, 
pH value must be increased if the mixture is not to 
act like chloroprocaine. 

The importance of the pH change in mixtures of 
chloroprocaine and bupivacaine may be related to the 
relative proportion between the base and the cationic 
form of the anesthetics at the site of injection as 
determined by their pKa values (bupivacaine 8.1, 
chloroprocaine 9). The available base of bupivacaine 
at pH 3.60, or in the mixture of the two commercial 
solutions, is one hundredth of that available at the pH 
5.60 of the 0.25% solution. However, the available 
base of chloroprocaine remains the same since the pH 
value of both the mixture (3.60) and its commercial 
solution (3.56) are so similar. 

We conclude that the characteristics of nerve blocks 
obtained using these commercial mixtures are unpre- 
dictable and depend on the types of drugs, and the 
final pH value of the solution. 

Since the completion of our work, two clinical 


GALINDO AND WITCHIER 


repetitive stimulation on mammalian neuromuscular junction. 
J Neurophysiol 16:509-527, 1953 
5. Sne lecor GW: Statistical Methods. Fifth edition. Ames, The 


; l TU. 
reports^? have confirmed our earlier observations 
and present support for the clinical relevance of our 
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Cardiac Complications in Surgical Patierts with Bifascicular Block 


Ninety-eight patients with ECG evidence of bifascicular block who had undergone general anes- 
thesia and surgery were followed. The His bundle electrozram was recorded in all patients prior to 
the surgery. On the basis of electrophysiologic studies, patients were divided into two groups: normal 
H-V group (47 patients) and prolonged H-V group (51 paticnts). The prolonged H-V group presented 
a significantly greater incidence of organic heart disease and cardiac symptoms. Correspondingly, 
there was a significantly higher incidence of cardiac complications during and following operations 
in patients with prolonged H-V interval, but none of the 2atients developed complete heart block. 
Ventricular fibrillation, rather than complete heart block, was the cause of sudden cardiac death in 
three patients who had a prolonged H-V interval and severe organic heart disease. The authors 
suggest that patients with bifascicular block, undergoing aresthesia and surgery, even in the presence 
of presumable risk factors, do not require prophylactic pacing. The H-V duration represents a more 
accurate predictor of major cardiac intraoperative and po=operative complications than the surface 
recordings, but only in patients with symptomatic heart disease. These data support the concept that 
high-risk patients can be identified clinically and that preo»erative determination of H-V intervals is 
not necessary. (Bellocci F, Santarelli P, Di Gennaro M, et al: The risk of cardiac complications in 
surgical patients with bifascicular block: a clinical and elecrophysiologic study in 98 patients. Chest 
77:343 —348, 1980) 
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Thiopental-Nitrous Oxide- 
Halothane Anesthesia and Repeated 
Succinylcholine: Comparison of 
Preoperative Glycopyrrolate and 


Atropine Administration 
Ole Sørensen, MD,* Søren Eriksen, MD,7 Peter Hommelgaard, MD,T and 


Jørgen Viby-Mogensen, MD§ 


S@RENSEN, O., ERIKSEN, S., HOMMELGAARD, P., AND ViBY-MOGENSEN, J.: Thiopental-nitrous 
oxide-halothane anesthesia and repeated succinylcholine: comparison of preoperative glyco- 
pyrrolate and atropine administration. Anesth Analg 59:686-689, 1980. 


The effects of glycopyrrolate and atropine given prior to thiopental-N2O-halothane anesthesia 
on bradyarrhythmias associated with the administration of succinylcholine were studied and 
compared. Sixty healthy adult patients were allocated at random to one of three groups. Three 
minutes before induction of anesthesia with thiopental (4 to 5 mg/kg) one group received 
glycopyrrolate, 0.0045 mg/kg IV, the second group, glycopyrrolate, 0.008 mg/kg IV, and the - 
third group, atropine, 0.009 mg/kg IV. Succinylcholine, 1 mg/kg of body weight, was given 1 
minute and 6 minutes after the conclusion of the thiopental injection. ECG monitoring was 
continuous, and serum K* levels as well as Pao, and paco, were repeatedly measured. In all 
three groups patients were adequately and equally protected against serious bradyarrhyth- 
mias following the second dose of succinylcholine by atropine and glycopyrrolate in the doses 


used. 


Key Words: NEUROMUSCULAR RELAXANTS: succinylcholine; PARASYMPATHETIC NERVOUS SYSTEM: atro- 
pine; PARASYMPATHETIC NERVOUS SYSTEM: glycopyrrolate. 


LYCOPYRROLATE, a long-acting anticholiner- 

gic, introduced in 1961! has been increasingly 
used in anesthesia in recent years?“ especially prior 
to reversal of non-depolarizing neuromuscular block- 
ade. Several studies suggest that it provides more 
effective protection than atropine against bradyar- 
rhythmias associated with reversal of neuromuscular 
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relaxants.” ’ Glycopyrrolate has also been found to be 
less prone to cause tachycardia than atropine in equi- 
potent doses.® ? 

We have previously shown that atropine protects 
against bradyarrhythmias following repeated admin- 
istration of succinylcholine.^!! The present study 
was designed to compare the protective effects of 
glycopyrrolate and atropine against these bradyar- 
rhythmias in patients during halothane anesthesia 
following induction with thiopental. 


. Methods and Materials 


Patients 


The study comprised 60 informed and consenting 


1d. 


« 
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healthy adults (A.S.A. class I) admitted for minor 
surgical procedures. Patients were allocated at random 
to one of three groups (20 patients in each group), 
receiving, respectively: glycopyrrolate, 0.0045 mg/kg 
IV (group D); glycopyrrolate, 0.008 mg/kg IV (group 
ID; or atropine 0.009 mg/kg IV (group III).*9.Details 
of the patients' sex, age, weight, and dosage of gly- 
copyrrolate or atropine administered are given in the 
Table. 


Anesthesia 


Patients were premedicated with diazepam, 0.1 mg/ 
kg IM, 1 hour preoperatively. Three minutes after 
administration of glycopyrrolate or atropine, anesthe- 
sia was induced by thiopental, 4 to 5 mg/kg, and 
maintained with N92O/O», 5:5 l/min, and 1% halo- 
thane using a semiclosed circle system with carbon 
dioxide absorption. Halothane was administered from 
a Fluotec vaporizer. Ventilation was assisted or con- 
trolled to maintain Paco, within the normal range. 
One minute and six minutes after the conclusion of 


the thiopental injection, succinylcholine, 1 mg/kg, . 
was given intravenously. Tracheal intubation was not : 


performed, nor was the operation begun during the 
period of study. A more detailed description of the 
anesthesia procedure has been published previously.” 


Measurements . 


Arterial blood samples for serum K* determination 
were obtained before anesthesia, and, together with 
samples for Paco, and Pao, determinations, three min- 
utes after each injection of succinylcholine. To ex- 
clude changes in cardiac rate and rhythm caused by 
pronounced alterations in Paco, the only patients 
included in the study are those in whom Paco, was in 
the range of 4.0 to 6.7 kPa (30 to 50 torr). ECG 
monitoring (lead II) was continuous. The heart rate 





TABLE 
Atropine and Glycopyrroiate Dosages and Clinical Data 
Patients Mean 
Group NNUS LE CM EN weight yr ird 
Male Female (range) g 
kg yr 
1. Glycopyrrolate, 14 6 71 35 
0.0045 mg/kg IV (52-100) (22-58) 
ll. Glycopyrrolate, 15 5 70 32 
0.008 mg/kg IV (51-100) (19-58) 
lll. Atropine, 0.009 9 13 65 33 
mg/kg IV (46-91) (19-58) 
Total - | 38 22 67 33 
E i (46-100) (19-58) 





was determined from the mean R-to-R interval over 
ten beats every 15 seconds during the first few min- 
utes after injection of drugs and every 30 seconds 
throughcut the remainder of the study. An exception 
was made during the 1st minute after the second dose 
ot succirylcholine where only the mean of the two R- 
to-R intervals was used for calculation of the heart 
rate. The lowest pulse rate was determined using the 
longest B-to-R interval during the first 90 seconds 
after the second injection of succinylcholine. Blood 
pzessure-was measured every 5 minutes. 

Statist cal analysis was made by application of the- 
Kruskal—Wallis test, Wilcoxon's rank sum test for 
paired data, Mann-Whitney rank sum test for un- 
paired data, and the chi-square test. The level of 
statistica significance was set at 5%. 


Results 
Cardiac Rate 


There were no statistically significant differences 
between the heart rates of the three patient groups at 
the beginning of the study period (Fig 1). Three 
minutes after the administration of atropine or gly- 
copyrrol.te mean heart rate was significantly in- 
creased in all three groups. There were no significant 
differences between the groups. After administration 
of thiopental heart rate increased significantly in all 
groups, Lut again there were no significant differences 
between -he groups. 

Three »atients in group I, four patients in group II, 
and two patients in group III had tachycardia (heart 
rate abov2 120 beats per minute) prior to induction of 
anesthesa. Three minutes after injection of thiopental 
there wexe four, five, and four patients with tachycar- 
dia in th« three groups, respectively. 

First Irjection of Succinylcholine. Minor changes 
in heart -ate were seen in each group. In group II a 
small but not statistically significant decrease in heart 
rate was followed by return to an increased rate which 
attained 1 maximum approximately 7 minutes after 
injection Df glycopyrrolate. 

Seconc Injection of Succinylcholine. The second 
injection of succinylcholine was associated with a 
significart decrease in heart rate in all groups that 
was maxzmal after 30 seconds (Fig 1). Forty-five sec- 
onds afte- the injection the heart rate in group II was 
significartly higher than in groups I and II, and 
remainec so for the duration of the study. Fig 2 
summarizes the maximal changes in heart rate in 
individua patients within 45 seconds after the second 
succinylcaoline injection. Heart rates below 60 beats 
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REPEATED SUCCINYLCHOLINE AND ARRHYTHMIAS 


Heart 
rate 


120 





QO: s 
A 


Suxamethonium 1 


Atropine/ 
Glycopyrolate 


Fig 1. Heart rate variations over the 14 minutes of the proce- 
dure. Values shown are means + standard error of the mean. 
LJ-.-[], Group | (glycopyrrolate 0.0045 mg/kg IV). O- - -O, 


GROUP I GROUP Il GROUP Il 
GLYCOPYRROLATE SLYCOPYRROLATE ATROPINE 
0.0045 mg/kg 0.008 mg/kg 0.009 mg/kg 


141-160 


121-140 


101-120 += 


60-100 ER 





20-59 


—--NODAL RHYTHM OR NODAL EXTRASYSTOLES 


Fig 2. Changes in heart rate over the first 45 seconds after 
second dose of succinylcholine. Each line represents one pa- 
tient. 


per minute were recorded in four patients in group | 
(heart rates of 32, 38, 50, and 58 beats per minute, 
respectively) and in two patients in group III (heart 
rates of 40 and 45 beats per minute). No patient in 
group II had a heart rate below 60 beats per minute. 
There were no significant differences between the 
groups. No patients had a heart rate below 20 beats 
per minute. 
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minutes 


Suxamethonium ii 


Induction (Thiopental, N50/O5, halothane) 


Group Il (glycopyrrolate 0.008 mg/kg IV). 6——, Group IH 
(atropine 0.009 mg/kg IV). 


Cardiac Arrhythmias 


In groups I, II, and III, respectively, three, six, and 
seven patients developed junctional rhythms of short 
duration after induction of anesthesia and the first 
injection of succinylcholine. After the second injec- 
tion of succinylcholine eight patients in group I, three 
patients in group II, and three patients in group III 
displayed junctional rhythms for periods up to 2 
minutes. One patient in group II had supraventricular 
extrasystoles for approximately 2 minutes, and one 
patient in group III developed ventricular extrasys- 
toles with recurrent bigemini over a similar period of 
time. None of the above mentioned differences be- 
tween the groups were statistically significant. 


Blood Pressure 


Only small variations were seen, and no patient 
had a systolic pressure less than 90 mm Hg at any 
time. 


Serum Potassium, Pao,, and Paco, 


Again only small variations were found; these were 
always within the normal ranges. 


Ks, 


ad. 
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Discussion 


Repeated injections of succinylcholine may cause 
severe bradyarrhythmias and asystole.'* We have 
previously shown that atropine, 0.01 mg/kg, given 
intravenously before thiopental-N5O-halothane an- 
esthesia affords protection against these bradyar- 
rhythmias." This study shows that glycopyrrolate in 
the studied doses also affords protection. There were 
no differences in the incidence of tachycardias or 
cardiac arrhythmias between group I (glycopyrrolate, 
0.0045 mg/kg) and group III (atropine, 0.009 mg/kg). 
Group II, given the higher dosage of glycopyrrolate 
(0.008 mg/kg), however, displayed a higher average 
pulse rate. 

In conclusion, glycopyrrolate has no appreciable 
advantages or disadvantages compared to atropine in 
protecting against bradycardias and arrhythmias as- 
sociated with the repeated administration of succi- 
nylcholine during thiopental-N5O-O»s-halothane an- 
esthesia. 
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Effect of Hydroxyzine on Morphine 
Analgesia for the Treatment of 


Postoperative Pain 


Cesia Hupert, MD,* M. Yacoub, MB,7 and L. R. Turgeon, MS} 


HuPERT, C., YACOUB, M., AND TURGEON, L. R.: Effect of hydroxyzine on morphine analgesia 
for the treatment of postoperative pain. Anesth Analg 59:690-696, 1980. 


In a double-blind, single-dose study hydroxyzine combined with morphine was administered 
intramuscularly to postoperative patients to determine the efficacy of this combination in the 
relief of postoperative pain, and to compare its effect to that produced by morphine alone. 
Fighty-two patients received morphine (5 or 10 mg) with or without hydroxyzine (100 mg). 
Analgesia was measured by a method quantifying the subjective responses of patients when 
questioned about pain. Analgesia obtained when 10 mg of morphine was combined with 100 
mg of hydroxyzine was significantly superior to that obtained with morphine alone. Drowsiness 
was significantly more frequent when 10 mg of morphine was combined with 100 mg of 


hydroxyzine than with morphine alone. 


Key Words: PAIN, Postoperative; ANALGESICS, Narcotic: morphine; ATARACTICS, Hydroxyzine. 


AIN following surgery, especially that involving 

upper abdominal and thoracic procedures, is an 
important cause of postoperative pulmonary compli- 
cations." ? Relief of pain in the postoperative period 
is, therefore, not simply a humanitarian consideration 
but also an important means for reduction of post- 
operative morbidity and mortailty.** 

Customary methods used for postoperative pain 
relief relying upon narcotic analgesics are, however, 
attended by a high failure rate.^? Attempts continue 
to be made to improve the efficacy of relief of post- 
operative pain based upon a search for an "ideal" 
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analgesic, but meanwhile the most effective alterna- 
tive strategies are of two main types. The first employs 
regional anesthesia. ! Although generally success- 
ful, this method is unfortunately often impractical 
because of technical complexities and shortages of 
trained personnel necessary to maintain regional an- 
esthesia throughout the postoperative period. 

The second method concentrates on combining 
narcotics with other drugs in the hope of enhancing 
the analgesic properties of narcotics while minimizing 
their respiratory depressant effects. To this end, the 
addition of a drug that may supplement analgesia 
without significantly increasing respiratory depres- 
sion may be useful in the management of postopera- 
tive pain. 

Our study was designed to evaluate one such drug 
combination under controlled conditions. Morphine 
was the narcotic employed as it remains the best 
available analgesic, no modern substitute having been 
universally accepted as superior. We elected to eval- 
uate the effects of hydroxyzine, a minor tranquilizing 
drug, on the efficacy of morphine in the control of 
postoperative pain in view of reports suggesting that 
hydroxyzine may have intrinsic — analgesic 
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properties^ ? and may also enhance analgesia pro- 
duced by both pentazocine and morphine.'* The re- 
port that hydroxyzine potentiates the effects of mor- 
phine presents results without tests of statistical sig- 
nificance. Interpretation of the results is further com- 
plicated not only by order effects which arose as a 
consequence of the cross-over design employed, but 
also time effects caused by the rapid decay of pain 
known to occur in the first 24 to 48 hours after 
surgery. As a single-dose design is intrinsically free 
of order effects and would tend to minimize time 
effects, it appeared worthwhile to reinvestigate the 
effects of hydroxyzine on morphine analgesia using 
a single-dose design. 


Methods 


Surgical patients in St. Joseph's Hospital and Med- 
ical Center served as subjects for this study. The 
research protocol was approved by the Hospital's 
Committee on Human Investigations. Informed con- 
sent was obtained from patients deemed likely to 
have severe postoperative pain because of the nature 
of the proposed operation. Patients were included as 
possible subjects only if they were able to understand 
the nature of the study and the implications of in- 
formed consent, if they were free of major systemic 
disease and, thus, classified A.S.A. I or II, if they were 
able to tolerate 10 mg of morphine and 100 mg of 


_hydroxyzine, if they had no history of drug or alcohol 


abuse, if they were not pregnant or lactating, and if 
they were between 18 and 65 years of age. 
Participants were 36 men and 46 women; mean age 
was 43 years; surgical procedures were primarily ab- 
dominal (Table 1). No attempts were made to balance 
or control statistically for the type of premedication, 
anesthetic technique, or type of operation. All patients 
received a single dose of the study medication and all 


TABLE 1 
Operative Procedures 
Women Men 

Lower abdominal : 3 2 
Upper abdominal 13 6 
Body surface (hernia, breast, etc) 7 11 
Rectal 3 7 
Orthopaedic 2 2 
Thoracic 2 1 
Vascular 1 4 
Genitourinary l 1 3 
Gynecologic 14 — 

Total 46 36 


were entered into the study within 24 hours after 
surgery. This was done to eliminate difficulties in 
interpretation of results due to the decrease in post- 
operative pain that normally occurs after the first 24 
hours. Patients were treated only if they complained 
of severe pain (i.e., score of 3 on the pain intensity 
scale), if they requested medication, and if at least 2 
hours had elapsed since completion of anesthesia or 
administration of other medications. Patients then 
received an intramuscular injection of 5 or 10 mg or 
morphine with or without 100 mg of hydroxyzine. To 
facilitate double-blind administration, the drugs were 
prepared by the hospital pharmacy according to a 
predetermined random plan labeled only with the 
case study number. | 

In the absence of satisfactory objective methods of 
measuring pain, subjective reports of patients in pain 
were elicited using standard techniques of evaluating 
these responses as measures of pain and analgesia. 
Pain intensity was evaluated on a 4-point scale ranging 
from 0—"no pain,” through 1—"mild pain," and 2— 
"moderate pain,” to 3— "severe pain." Similarly, pain 
relief was evaluated on a 5-point scale ranging from 
0— "no relief,” through 1— "slight relief," 2-"marked 
relief,” and 3— "almost complete relief," to 4—"com- 
plete relief." 

Additional dichotomous measures of treatment ef- 
fectiveness were also computed. At each interview 
patients in each of the four treatment groups were 
classified into one of. two categories; namely those 
reporting 5096 or greater relief of pain against those 
patients whose relief was less than 50%. 

Using common descriptive terms such as severe, 
moderate, or mild pain, these scales were discussed 
with each patient during the preoperative interview 
so that a clear system of communications was estab- 
lished. Spanish equivalents of these terms and scales 
were used in communicating with Spanish-speaking 
patients by a bilingual observer. 

Interviews were conducted immediately prior to 
administration of the medication and 0.5, 1, 2, 3, and 
4 hours later to elicit and record the patients' subjec- 
tive evaluations of their pain intensity and pain relief, 
using the terms and scales agreed upon during the 
preoperative interview. Side effects were recorded as 
observed or as volunteered by the patient, but no 
leading questions were asked. Sleeping patients were 
awakened at interview times, as sleep cannot neces- 
sarily be equated with freedom from pain. 

Patients who required additional medication viti 
the first 2 hours of the'observation period were ex- 
cluded from the study and given the usual pain 
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medication ordered by their surgeon. On the other 
hand, four patients who required additional medica- 
tion more than 2 hours after administration of the test 
medication were retained in the analysis and assigned 
pain intensity scores of 3 (severe pain) and relief 
scores of O (no relief) for the missing observations. 
Ninety-eight patients were treated; data for eight pa- 
tients were incomplete, seven patients dropped out 
during the first 2 hours, and one patient was found to 
be addicted to meperidine. Analysis for the remaining 
82 observations is presented. 

Change in the intensity of pain after administration 
of test medication was used to assess analgesic effi- 
cacy. The data are presented as pain relief scores 
(PAR) and pain intensity difference scores (PID). The 
patient’s PID score for each interview was computed 
by subtracting the pain intensity score at that inter- 
view from the baseline unmedicated pain intensity 
score of 3. Summation of the individual PIDs and 
PARs over the five interview time periods was used 
to obtain indices of the sum or pain intensity differ- 
ences (SPID) and the total of pain relief scores (TOT- 
PAR). These summary scores measure the overall 
analgesic efficacy of each treatment. 

The summary of the results presented in Table 2 
include mean PID and PAR scores at each interview, 
as well as the means of SPID and TOTPAR which are 
the measures of overall treatment effectiveness. Time- 
effect curves were constructed for the mean PID (Fig 
1) and PAR scores (Fig 2) in order to assess the 
observed time trends for each of the four treatments. 


TABLE 2 
Treatment Response Indices: PID, PAR, SPID, and TOTPAR* 


The proportion of patients experiencing more than 
50% relief in the intensity of pain with each of the 
four treatments was also evaluated. 


Results 


The four indices of pain relief, viz PID, PAR, SPID, 
and TOTPAR were analyzed. The mean responses 
with the corresponding standard error of the means 
are presented in Table 2. 

A nested three-way analysis of variance model’® 
was applied separately for the PID and PAR scores 
(Table 3). The test for the overall variation among the 
four treatments was statistically not significant for 
either one of the measures, while the overall variation 
among time periods, as one would expect, was highly 
significant for both indices ( p < 0.0001). 

Using the PID and PAR scores, we tested the time- 
treatment interaction which evaluates the observed 
trend over time for each of the four treatments. Nei- 
ther one of the measures showed significant interac- 
tion. The absence of any indication of time-treatment 
interaction implies that the mean effects of these four 
medications are essentially parallel. An inspection of 
the time-effect curves (Figs 1 and 2) confirms this 
fact. However, it should be noted that these parallel 
curves are at different levels. 

The time-effect curves derived from the mean PID 
scores (Fig 1) show the superior performance of 10 
mg of morphine plus 100 mg of hydroxyzine over the 
other three study medications. At 2 hours postmedi- 
cation and subsequent time periods, 10 mg of mor- 





Time of Treatment response index 
Treatment patients oue aer 
medication) PID PAR SPID TOTPAR 
Morphine sulfate, 10 mg, and 21 Ve 1.50 & 0.153 1.95 + 0.223 10.04 x 0.758 12.93 + 1.081 
hydroxyzine, 100 mg 1 1.95 + 0.175 2.52 + 0.237 
2 2.17 + 0.173 2.79 + 0.249 
3 and 4 2.21 + 0.190 2.83 + 0.257 
Morphine sulfate, 5 mg, and 22 Ve 1.27 + 0.150 1.64 + 0.218 8.52 + 0.741 11.14 + 1.056 
hydroxyzine, 100 mg 1 2.02 + 0.171 2.64 + 0.232 
2 1.86 + 0.169 2.50 + 0.244 
3 and 4 1.68 + 0.185 2.18 + 0.251 
Morphine sulfate, 10 mg 19 Va 1.18 + 0.161 1.47 + 0.235 8.00 + 0.797 11.00 + 1.134 
1 1.74 + 0.184 2.47 + 0.249 
2 1.71 + 0.182 2.37 + 0.262 
3 and 4 1.68 + 0.199 2.34 + 0.270 
Morphine sulfate, 5 m3 20 e 1:155 0.157 1.50 + 0.229 7.90 + 0.777 10.35 41.107 
1 1.63 + 0.180 2.05 + 0.249 
2 1.68 + 0.177 2.20 + 0.256 
3 and 4 1.73 + 0.194 2.30 + 0.264 





* Values are means zx standard error of the mean. 
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Fia 1. Time-effect curves derived from mean PID scores. The 
height of each curve at the specified times indicates the extent 
to which the pain is less severe than before treatment. 
MS10--H100, 10 mg of morphine sulfate plus 100 mg of hy- 
droxyzine; MS10, 10 mg of morphine sulfate; MS5--H100, 5 
mg of morphine sulfate plus 100 mg of hydroxyzine; MS5, 5 mg 
of morphine sulfate. 
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Fig 2. Time-effect curve derived from mean PAR scores. The . 


height of each curve at the specified times indicates the extent 
to which relief has been experienced. Abbreviations as in Fig 1. 


TABLE 3 


Three-Way Analysis of Variance (Hierarchical Model): PID 
and PAR Scores 











PID PAR 
Source of Pesa of 
variation fraddom Mean F Mean F 
squares Squares 
Treatment 3 4.04 1.83 5:04 1.03 
Time periods 4 5.14 23.82* 10.15 29,00" 
Treatment time 12 0.25 1.16 0.51 1.46 
interaction 
Patient (treatment) 78 2.41 4.91 
Time-patient 312 0.22 0.35 
{treatment} 
interaction 
* p < 0.0001. 
TABLE 4 


Comparison of Mean Response to 10 mg of Morphine Plus 
130 mg of Hydroxyzine vs Pooled Mean Responses to 5 mg 
of Morphine Pius 100 mg of Hydroxyzine, 10 mg of 
Morphine, and 5 mg of Morphine 





Mean score after treatment: 


Pooled re- 


Observation time sponses of 5 mq 








Response : 10 mg of mor- of morphine + 
index E a E phine sulfate 4- 100 mg of hy- 
100 mg of hy- droxyzine, 10 
droxyzine mg of morphine 
and 5 mg of 
morphine 
PID 2 2.17" 1./5* 
3 and 4 2.217 1.701t 
PAR 2 2.79 2.36 
i 3 and 4 2.83 2.27 
SPID 10.05* 8.16* 
TOTPAR 12.93 10.84 
*p< 0.04. 
tp<0.02. 


phine plus 100 mg of hydroxyzine was associated 
with improvement in mean PID scores, while the 
mean responses to the other study medications tended 
tc cluster around lower values. 

We contrasted the mean PID response to 10 mg of 
morphine plus 100 mg of hydroxyzine at the 2-hour 
time period with the combined {pooled) means of the 
other three treatments (Table 4). The difference was 
statistically significant ( p « 0.04). Pairwise compari- 
sons of the study medications indicated significant 
differences between the mean response to 10 mg of 
morphine plus 100 mg of hydroxyzine and 5 mg of 
morphine (p < 0.05). At the 3rd and 4th hour post- 
medication, the separation of the mean analgesic ef- 
fect of 10 mg of morphine plus 100 mg of hydroxyzine 
from that of the other three study medications was 
most pronounced. The contrast of the mean PID score 
at the 3rd and 4th hour following 10 mg of morphine 
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plus 100 mg of hydroxyzine with the combined mean 
scores of the other treatments was statistically signif- 
icant (p « 9.02). In the pairwise comparisons of 
treatment effects 10 mg of morphine plus 100 mg of 
hydroxyzine was significantly superior to 5 mg of 
morphine plus 100 mg of hydroxyzine and 10 mg of 
morphine ( p « 0.05). 

Detailed examination of the PAR scores gave results 
similar to those of the analysis of the PID scores. 
Patients medicated with 10 mg of morphine plus 100 
mg of hydroxyzine experienced, on the average, 
greater pain relief than those patients who received 
any of the other three postoperative treatments. How- 
ever, none of the observed average score differences 
reached statistical significance (Table 4). The separa- 
tion of the average PAR scores of patients treated with 
10 mg of morphine plus 100 mg of hydroxyzine from 
the averages of the other three treatment groups is 
quite pronounced at the 2nd, 3rd, and 4th hours after 
medication (Fig 2). The peaks of the PAR scores were 
reached at 3 hours after medication and, like the PID 
scores. were maintained through the 4th hour for all 
four treatments. 

The evaluation of the overall effect of treatment 
used the SPID and TOTPAR scores, and analyzed the 
observed pairwise medication differences, as well as 
the contrast between the effect of 10 mg of morphine 
plus 100 mg of hydroxyzine with the combined effects 
of the other three treatments. The comparisons were 
statistically significant for SPID scores only, where 
the contrast of the mean score following 10 mg of 
morphine plus 100 mg of hydroxyzine (10.05), with 
the combined mean score of the other three medica- 
tions (8.16) was significant at the 0.05 level (Table 4). 
The comparison of the mean SPID scores for 10 mg 
of morphine plus 100 mg of hydroxyzine with 5 mg 
of morphine (Table 2) was also significant ( p « 0.05). 

Analysis of 5096 pain relief scores for morphine 
alone and morphine combined with hydroxyzine, also 
points to the consistently better performance of 10 
mg of morphine plus 100 mg of hydroxyzine in 
comparison with the other three study medications. 
At the 2nd, 3rd, and 4th hours after medication 90.5% 
of the patients given 10 mg of morphine plus 100 mg 
of hydroxyzine after surgery reported at least 50% 
pain reduction, while only 78.9% to 68.4% of patients 
given the other three medications experienced such 
magnitude of relief (Table 5). However the chi-square 
test ož comparison of these proportions did not indi- 
cate statistically significant differences. 

Only two side effects were reported (Table 6). One 
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of these was nausea and vomiting which occurred 
only among the patients who received 5 mg of mor- 
phine plus 100 mg of hydroxyzine; the incidence was 
9.1%. This was not statistically significant. The other 
side effect, drowsiness, was reported by some of the 
patients in all four treatment groups (Table 6). A 
comparison of the incidence of drowsiness in patients 
following 10 mg of morphine plus 100 mg of hydroxy- 
zine (33.390), with the pooled proportion of patients 
experiencing drowsiness following the other three 
study medications (9.896) was significant at the 0.05 
level. 


Discussion 


This study shows that the combination of 10 mg of 
morphine plus 100 mg of hydroxyzine produced pain 
relief that was statistically significantly greater than 
the relief afforded by 10 mg of morphine and all other 
treatments. The PID values in Table 2 show that from 


TABLE 5 


Distribution of Patients Experiencing 5096 or More 
Reduction of Postoperative Pain by Medication and 
Interview Time 


Patients reporting = 5096 pain re- 
lief at each interview time 


Postoperative No. of (hours after medication): 
treatment patients 
Vhr hr 2hr room 
f 
96 
Morphine sulfate, 10 21 66.7 85.7 90.5 90.5 
mg, + hydroxyzine, 
100 mg 
Morphine sulfate, 5 mg, 22 54.6 90.9 72.7 77.9 
4 hydroxyzine, 100 
mg 
Morphine sulfate, 10 mg 19 63.2 78.9 78.9 68.4 
Morphine sulfate, 5 mg 20 55.0 70.0 70.0 70.0 
TABLE 6 
Side Effects 
No. of pa- No. of pa- 
fressen No. of tients report- tients report- 
patients ing nausea ing drowsi- 
and vomiting ness 
Morphine sulfate, 10 21 0 7 (33.3%) 
mg, + hydroxyzine, 
100 mg 
Morphine sulfate, 5 mg, 22 2 (9.1%) 2 (9.1%) 
+ hydroxyzine, 100 
mg 
Morphine sulfate, 10 19 0 2 (10.596) 
mg 
Morphine sulfate, 5 mg 20 O 2 (10%) 


T 
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2 hours after medication the responses to the combi-. 


nation of 10 mg of morphine plus 100 mg of hydroxy- 
zine at each time period were consistently greater 
than those following 10 mg of morphine and all other 
treatments. The observed differences in mean PID 
scores were statistically significant 2 hours after med- 
ication. The time lag may be a reflection of the slow 
and uneven absorption of intramuscular narcotic an- 
algesics observed in recent studies of postoperative 
patients in contrast to healthy volunteers.!^ ° The 
observed pain relief with the combination of 5 mg of 
morphine plus 100 mg of hydroxyzine was approxi- 
mately the same as for 10 mg of morphine and 
marginally better than with 5 mg of morphine but 
there was no statistically significant difference among 
these three treatment groups. 

The mechanism by which this improved analgesia 
is obtained is not entirely clear, but it may be a 
function of the anxiolytic activity of hydroxyzine 
since anxiety so prominently helps determine the 
degree of postoperative pain.’® ? This may not be the 
complete explanation, as several controlled studies of 
such widely used tranquilizers as chlorpromazine,"! 
promethazine,” and other phenothiazines,” fail to 
demonstrate any analgesia potentiating activity when 
these compounds are combined with narcotic anal- 
gesics. Conversely, improved analgesia has been 
found to result from the addition of amphetamines to 
morphine" and, yet, amphetamines produce arousal 
and excitement rather than tranquility. 

Other explanations of the mechanism for enhance- 
ment by hydroxyzine of morphine analgesia have 
been offered. Beaver and Feise™ found no significant 
difference between postoperative analgesia produced 
by 8 mg of morphine and by 100 mg of hydroxyzine, 
alone and in combination, and postulated that hy- 
droxyzine and morphine produce analgesia by two 
different mechanisms. They concluded that the effect 
observed with the combination is the result of an 
additive effect of two separate analgesic drugs acting 
on different receptors. Stambaugh and Wainer” in 
their studies of meperidine found no change in its 
pharmacokinetics and metabolism when hydroxyzine 
was added and concluded that any potentiation of the 
analgesic effect of meperidine by hydroxyzine re- 
sulted from their separate but additive effects on the 
central nervous system. We cannot confirm these 
authors’ findings of an independent analgesic action 
of hydroxyzine because our study design did not 
include comparison with an inactive standard. This is 
under further study. 


In order to establish superiority of a combination 
of drugs over morphine alone, it is not sufficient 
simply to show enhanced analgesia. The combination 
must also be less productive of undesirable side ef- 
fects than an equianalgesic dose of morphine alone. 
The side effect that is of greatest concern in relation 
to narcotic analgesics is the respiratory depressant 
action, which was not measured in our study, but 
none was observed clinically. Steen” found no de- 
pression of respiration caused by hydroxyzine. How- 
ever, using more sensitive methods Gasser and Bell- 
ville" have shown that hydroxyzine slightly, but sig- 
nificantly, displaces the carbon dioxide respiratory 
response curve to the right. [t appears that hydroxy- 
zine may augment the analgesic activity of narcotics 
more than it affects their respiratory depressant ef- 
fects, 

Another notable side effect of narcotics is nausea 
and vomiting, which occurred in only two of our 
patients, both of whom received 5 mg of morphine 
plus 100 mg of hydroxyzine. The low incidence of 
nausea and vomiting is possibly attributable to the 
fact that none of the patients were ambulatory. The 
other side effect reported was drowsiness which oc- 
curred in all the treatment groups (Table 6) and was 
significantly more-frequent in the group of patients 
who received 10 mg of morphine plus 100 mg of 
hydroxyzine. A slight increase of carbon dioxide ten- 
sions during sleep is a normal physiologic effect, but 
this is unlikely to be of great importance in association 
with the increased incidence of drowsiness produced 
by the combination of 10 mg of morphine plus 100 
mg of hydroxyzine as none of the patients were so 
deeply asleep as to have any difficulties with their 
airways. When awakened they were all clear headed 
and cooperative. 

In summary, this study demonsirates that hydroxy- 
zine potentiates the analgesic properties of morphine. 
Further studies are needed to elucidate the mechanism 
of this action. 
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Changes in Blood 
Pressure with Varying 
Rates of Administration 
of d-Tubocurarine 


Robert K. Stoelting, MD,* 
Richard L. McCammon, MD,7 and 
John C. Hilgenberg, MDT 


Blood pressure predictably decreases within 1 to 3 
minutes following the rapid bolus (less than 5 sec- 
onds) intravenous administration of paralyzing doses 
of d-tubocurarine (dTc) to patients anesthetized with 
nitrous oxide-halothane.’ Histamine release may play 
a role in this blood pressure reduction.” Indeed, de- 
creases in blood pressure produced by dTc have been 
shown to be less when the muscle relaxant was pre- 
ceded by an antihistamine (promethazine). | 

The amount of histamine released after injection of 
any drug that acts as a histamine release substance 
depends on plasma levels of the drug achieved and 
thus on the rapidity of intravenous administration of 
that drug. If dTc produces histamine release, then 
slow intravenous injection would be associated with 
minimal histamine release and a resulting attenuation 
of the typical blood pressure reduction that follows 
this drug's injection. Therefore, we measured changes 
in mean arterial pressure (MAP) and heart rate in 
normal patients during and after the intravenous in- 
jection of dTc at varying rates of administration. 
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CLINICAL 
reports 


Methods 


Twenty-four patients scheduled for elective non- 
cardiac sırgery and in whom continuous intra-arterial 
blood pressure monitoring and non-depolarizing 
muscle relaxants were to be used were studied. The 
protocol was approved by the Indiana University 
School ef Medicine Clinical Research Committee. 
Preanestnetic medication consisted of morphine (8 to 
12 mg) and scopolamine. Peripheral intravenous and 
radial ar erial catheters were placed at the time of the 
patient's arrival in the operating room. Induction of 
anesthes a was with thiopental (4 mg/kg) followed by 
succinylcholine (1 mg/kg) to facilitate tracheal intu- 
bation. Anesthesia was maintained with 60% inspired 
nitrous cxide and 0.596 to 1.076 halothane. Ventilation 
was controlled with a tidal volume of 10 to 15 ml/kg 
at a rate of-6 to 10 per minute. The inspired halothane 
concentration was adjusted to maintain MAP within 
20% of tne awake level. After at least 20 minutes of 
nitrous 5xide-halothane anesthesia and when the 
MAP was constant for at least 5 minutes, 0.4 mg/kg 
of dTc was administered as a bolus (eight patients), 
over 90 seconds (eight patients), or over 180 seconds 
(eight pacients). MAP was recorded continuously for 
2 minutes before and 10 minutes following comple- 
tion of dTc administration. Heart rate was calculated 
from a ccntinuous recording of the electrocardiogram. 
All meas1rements were completed prior to skin inci- 
sion. | 

Data v-ere analyzed using the one-way analysis of 
variance; p < 0.05 was considered statistically signif- 
icant. 


\ Results 


Age, weight, and control MAP (Table 1) as well as 
control keart rate (Table 2) were similar in the three 
patient g-oups. The decrease in MAP was similar in 
each group 1 minute after completion of the dTc 
injection (Figure). Maximum reductions in MAP were 
present 3 minutes following dTc. The decrease in 
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TABLE 1 

Comparative Data for Three Study Groups (mean + SE) 
Rate of dTc , 

injection Ace Weight Control MAP 
yr kg torr 

Bolus 52+3 65 + 3 90 + 4 
90 sec 48 +5 70 + 2 87 + 4 
180 sec 42 +8 73283 85 +3 

TABLE 2 


Heart Rate (beats/min) Before and After 0.4 mg/kg of dTc 
(mean + SE) 


Rate of Time after completion of dTc injection 
dTc Control 
injection 1 min 3 min 5 min 10 min 
Bolus 83 t4 85+4 87+3 84+4 8523 
90 sec 77x55 76+5 7544 7545 76+5 
180 sec 7845 77+5 7924 7946 79-6 


MAP 3 and 5 minutes after dTc administration was, 
however, significantly less (p « 0.05) in patients 
receiving the drug over 180 seconds (11% and 9%, 
respectively) than it was following bolus administra- 


tion (2396 and 1996, respectively). Decreases in MAP : 


3 and 5 minutes after administration of dTc over 90 
seconds (19% and 15%, respectively) were intermedi- 
ate between the other injection rates and were not 
significantly different from the corresponding bolus 
or 180-second values. Ten minutes following dTc 
injection MAP was similar in all three groups. Heart 
rate did not change significantly after dTc regardless 
of the rate of administration (Table 2). 


Discussion 


Blood pressure reductions following dTc adminis- 
tration to anesthetized patients are most likely due to 
peripheral vasodilation.? This vasodilation may reflect 
: dTc-induced autonomic ganglion blockade and/or 
histamine release. If dTc is a histamine release sub- 
stance, the intensity of this release would be related 
to the speed of intravenous administration.’ The pres- 
ent data demonstrate that injection of dTc over 180 
seconds significantly reduces the maximum blood 
pressure decrease as compared with injection over 90 
seconds or with bolus injection ofthe drug. 

The alveolar concentration of halothane may influ- 
ence the magnitude of decrease in blood pressure 
following the injection of dTc.? Although the alveolar 
. concentration of halothane was not measured in our 
patients, it is likely that the similar inspired halothane 


concentrations and a comparable duration of anesthe-: 


sia before injection of dTc resulted in a depth of 
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Figure. Mean arterial pressure (MAP) decreases during the 
first 10 minutes following completion of the intravenous injection 
of 0.4 mg/kg of d-tubocurarine (dTc) as a bolus (eight patients), 
over 90 seconds (eight patients), or over 180 seconds (eight 
patients). All patients were anesthetized with nitrous oxide-hal- 
othane. Asterisk indicates p < 0.05 compared with MAP values 
present at corresponding times following bolus or 90-second 
injection. 


anesthesia (i.e., alveolar concentration) that was sim- 
ilar among our study groups. Therefore, it is unlikely 
that variations in anesthetic depth contributed to the 
differences in the magnitude of changes in blood 
pressure produced by varying rates of injection of 
dTc. 


The attenuation of the blood pressure reduction 


_ with infusion of dTc over 180 seconds is consistent 


with drug-induced histamine release. Nevertheless, 
other signs of histamine release such as flushing and 
tachycardia did not occur. The absence of changes in 
heart rate despite reductions in MAP has been pre- 
viously observed in patients anesthetized with halo- 
thane.! This may represent inhibition of baroreceptor- 
mediated reflex responses by halothane.’ 

The onset, duration, and magnitude of neuromus- 
cular block, although monitored clinically, were not 
quantitated during the different rates of administra- 
tion of dTc. Nevertheless, it was our clinical impres- 
sion that neuromuscular block was similar in all three 
study groups. This is consistent with previous studies 
demonstrating that the magnitude of twitch depres- 
sion following dTct or pancuronium? is the same with 
either incremental or bolus injections. 

In summary, these data confirm that injection of 
dTc over 180 seconds rather than over 90 seconds or 


+ Savarese JJ, Donlon JV, Ali HH: Human dose-response curves 
for neuromuscular blocking agents: a comparison of two methods 
of construction and analysis. Abstract of Program of American 
Society of Anesthesiologists Annual Meeting, 1974, pp 121-122. 
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as a bolus minimizes the reduction of MAP produced 
by dTc. Although the mechanism by which dTc pro- 
duces decreases in blood pressure is not proven, these 
data are consistent with the hypothesis that changes 
in blood pressure associated with dTc are produced 
by histamine release.* When it is clinically desirable 
to produce neuromuscular blockade with minimal 
changes in heart rate and blood pressure, this can be 
achieved by administration of dTc (0.4 mg/kg) over 
180 seconds. The slow administration of dTc makes 
this drug similar to metocurine with respect to circu- 
latory effects.” !? 
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Gas Exchange with Hemodilution in Pulmonary Hypertension 


The relationship between the plasma colloid osmotic pressure/pulmonary capillary wedge pressure 

difference (PCOP-PCWP) and the development of gas exchange abnormalities was examined prior to, 
during, and after cardiac operations in 13 patients with pulmonary hypertension owing to mitral and/ 
or aortic valvular disease. Alveolar-arterial oxygen tension (P(A-a)Do,) and pulmonary shunt fraction 
(Qs/Qt) were used as indices of gas exchange impairment owing to accumulated lung water. During 
the baseline period, PCOP-PCWP was —8.5 + 2.6 mm Hg;P(A-a)Do,, 352.5 + 30.1 mm Hg; and Qs/ 
Qt, 17.0 + 1.5%. There were no significant correlations between PCOP-PCWP andP(A-a)Do, or Qs/ 
Qt at any time during the study. Thus PCOP-PCWP does not predict susceptibility to lung water 
accumulation reliably in patients with pulmonary hypertension, and other protective factors may 
contribute to unimpaired gas exchange, even in the setting of profound hemodilution and low PCOP. 
(Ohtaka M, Erdmann AJ Iil, Lappas DG: Preservation of normal gas exchange with hemodilution in 
patients with pulmonary hypertension. J Thorac Cardiovasc Surg 79:741 -747, 1980) 
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Stenting of the 
Endotracheal Tube to 
Manage Airway > 
Obstruction in the Prone 
Position 


Chalapathi C. Rao, MD,* Gopal Krishna, 
MD,7 and Simon Trueblood, MD 


Airway obstruction related to a kinked endotra- 
cheal tube is a well recognized, although rare, com- 
plication. It may be necessary to replace the endotra- 
cheal tube to relieve the obstruction but reintubation 
in the prone position is hazardous.’ This report de- 
scribes a method for relieving airway obstruction by 
stenting the tube when tracheal tube kinking occurs 
during anesthesia and operation in the prone position. 


Case Report 


A 15-year-old, 53-kg girl was admitted to the hospital 
with an 8-week history of headaches, nausea, vomiting, and 
diplopia. Relevant physical findings were signs of right sixth 
nerve palsy (right esotropia) and papilledema. The diagnosis 
of posterior fossa tumor was made and confirmed with 
computed tomography. Routine laboratory findings were 
within normal limits. A ventriculoperitoneal shunt to relieve 
intracranial hypertension was inserted under general anes- 
thesia. Five days later the patient was scheduled for poste- 
rior fossa exploration in the prone position. A 7-mm cuffed 
orotracheal tube (National Catheter Corporation) was in- 
serted without difficulty following thiopental and succinyl- 
choline. Anesthesia was maintained with 60% nitrous oxide 
in oxygen (with a total gas flow rate of 5 L/min) and 
intermittent doses of intravenous fentanyl. Muscle relaxa- 
tion was provided with metocurine and ventilation was 
controlled with an Ohio volume ventilator to maintain 
Paco, of 30 to 35 torr (serial blood gases). 

The patient was placed in the prone position and the 
head was immobilized in a Mayfield pinholder with the 
lower cervical spine in extension and the upper cervical 
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spine in moderate flexion. The patient was then placed in 
the moderate reverse Trendelenburg position. During the 
first 120 minutes the anesthetic course was uneventful. At 
this point an increase in airway resistance was noted. The 
peripheral nerve stimulator revealed adequate relaxation. 
Marked resistance to lung inflation was noted when manual 
ventilation was attempted. Over the next few minutes ven- 
tilation became progressively more difficult. Attempts to 
pass a suction catheter through the endotracheal tube were 
futile. Deflation of cuff and readjustment of the endotra- 
cheal tube did not relieve the obstruction. An arterial blood 
sample revealed the following: Po, 173 torr, Pco, 55 torr, pH 
7.25. The surgeons also noted signs of increasing brain 
edema (bulging cerebellum). 

Digital palpation of the pharynx revealed that the tube 
was kinked in the nasopharynx at the site of entry of the 
cuff inflating tube. With constant digital downward pres- 
sure at the site of the kink we were able to maintain partial 
patency of the tube allowing adequate ventilation. Paco, 
and brain edema decreased to acceptable levels. Attempts 
to unkink the tube by readjusting the Mayfield pinholder 
were unsuccessful. Since it was not technically feasible to 
maintain the patency of the tube with downward digital 
pressure for the prolonged duration of the procedure and 
since attempts to reintubate the patient in the prone position 
with an open posterior fossa could have been life threaten- 
ing we considered the possibility of stenting the tube with 
another smaller endotracheal tube. A 5-mm uncuffed tube 
was lubricated with lidocaine jelly and with the aid of a 
stylet was passed through the existing tube to a position 
beyond the area of kinking. Utilizing this arrangement it 
was possible to maintain the patency of the tube and 
provide adequate ventilation. The remainder of the anes- 
thetic course was uneventful. At the end of the procedure 
the patient awoke and was extubated in the operating room. 


Discussion 


Airway obstruction due to compromise of tube 
patency is a common complication associated with 
endotracheal intubation.^" The lumen of a tracheal 
tube may be compromised either by occlusion from 
within or by external forces. Causes of intrinsic ob- 
struction include inspissated mucus, blood clots, tu- 
mor, adenoids, foreign bodies, and manufacturing 
defects in the tube. Common causes of extrinsic 
obstruction include kinking,’ biting on the tube,” 
impingement of the bevel against the tracheal wall, 
obstruction of the distal end of the tube by the 
inflatable cuff? (e.g., herniation of the cuff,’ collapse 
of the wall of the tube due to an overinflated cuff? or 
an increase in cuff volume due to diffusion of nitrous 
oxide). A number of these complications can be 


us. 
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avoided by proper inspection of tube and cuff, by 
observing meticulous atraumatic intubation tech- 
nique, and by humidification of inspired gases (es- 
pecially in children). Reinforced tubes have been used 
to alleviate the kinking; however, they do not always 
eliminate this problem and have been associated with 
a number of other problems.** 7? 

In our patient kinking of the endotracheal tube was 
related to the flexion of the upper cervical spine, 
together with a weak area on the endotracheal tube at 
the site of entry of the cuff inflating tube and softening 
of the tube material as it warmed to body temperature. 

The primary disadvantage of the stenting technique 
we employed is the resulting increase in airway re- 
sistance. Theoretically a 5-mm endotracheal tube has 
4 times greater resistance than a 7-mm endotracheal 
tube (for laminar flow resistance is inversely propor- 
tional to the fourth power of the radius). Studies! 
indicate that at 20 L/min air flow the pressure gradient 
through a 7-mm endotracheal tube is approximately 
1.2 cm H3O whereas through a 5-mm endotracheal 
tube the resistance is 6.5 cm HO. To maintain a 
Pco, of 30 torr in our 53-kg patient, a minute volume 
of approximately 6000 ml (Radford nomogram) would 
be required. With a tidal volume of 600 ml and a rate 
of 10 per minute the mean flow rate would be in the 
range of 20 to 22 L/min. The 4 to 5 cm H3O increase 
in airway resistance contributed by the smaller tube 
could be easily compensated during controlled ven- 
tilation. 

Although kinking of disposable orotracheal tubes 
is an infrequent complication, its occurrence requires 
immediate recognition and steps to reestablish tube 


patency. Replacement of the endotracheal tube in the 
prone position may not be possible. When tracheal 
tube kinking occurs in this situation, stenting the 
endotracheal tube with a smaller size tube is an 
effective and safe way to provide patency of the 
airway. 
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Spinal Subdural 
Epiarachnoid Hematoma: 
A Complication of a 


Novel Epidural Blood 
Patch Technique 


Arden F. Reynolds, Jr., MD,* 
Stuart R. Hameroff, MD,t 
Casey D. Blitt, MD,t and 
William L. Roberts, MD8 


The effectiveness of epidural blood patch (EBD) in 
the treatment of postlumbar puncture headache has 
been proven by several well controlled prospective 
studies."? Backache, neck stiffness, and radicular 
nerve root discomfort have all been reported as com- 
plications of EBP.* Theoretical but unreported com- 
plications include infection, adhesive arachnoiditis, 
and obliteration of the epidural space. We report an 
unusual case in which six lumbar epidural blood 
patches were performed including three in which dura 
and arachnoid were accidentally or intentionally 
punctured. À dangerous complication, spinal sub- 
dural epiarachnoid hematoma, occurred; it was ap- 
parently related to the dural and arachnoid punctures. 


Case Report 


A 25-year-old woman presented for evaluation of right 
arm weakness. Pertinent history included adult onset sco- 
liosis, thoracic sympathectomy at age 20 for right arm pain, 
and two thoracic rhizotomies, the more recent at age 22, for 
interscapular pain. A myelogram done at L1-2 to exclude 
cervical pathology was normal. Following the myelogram 
the patient developed severe headache upon assuming the 
upright posture; this was associated with tachycardia, dia- 
phoresis, and light-headedness. Twenty-four hours after 
the myelogram, postural headaches persisted despite con- 
servative therapy and EBP was performed using the “loss of 
resistance" technique. Under sterile conditions 10 ml of 
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autologous blood (Table) was injected into the epidural 
space at L2-3. Postural headaches resolved but returned 2 
days later whereupon a second EBP was done at L2-3 in the 
same manner. Again, her symptoms were relieved. After 
postural headaches again returned the patient was seen at 
another hospital where two additional EBPs were done at 
L1-2. These EBPs employed an unusual technique which 
consisted of performing a lumbar puncture with a 22-gauge 
spinal needle and withdrawing the needle until cerebrospi- 
nal fluid (CSF) flow stopped. Autologous blood (5 ml) was 
then injected. Each of these EBPs resulted in 36 to 48 hours 
of pain relief but the patient returned to this hospital 
complaining of recurrent headache. On the 11th day after 
her myelogram, another EBP was done at [2-3 using the 
"hanging drop" technique which was complicated by in- 
advertent CSF flow. Headache persisted and on the 15th 
day after her myelogram she received her sixth EBP at L2-: 
3 using the "loss of resistance" technique. Subsequently 
nonpostural constant headache and lower extremity “pull- 
ing" sensations developed. With a presumptive diagnosis 
of persistent CSF leak, the patient underwent exploratory 
lumbar laminectomy 22 days after the original myelographic 
lumbar puncture. 

Under general anesthesia the lamina of L2 was removed 
as all skin needle marks were at L1-2 and L2-3. No dural 
CSF leak was found. The dura was blue and nonpulsatile. 
On opening the dura, a partially liquified clot was encoun- 
tered in the subdural epiarachnoid space. The clot extended 
from a point 1 cm inferior to the superior margin of the L3 
lamina to a point 2 cm superior to the inferior margin of L1. 
The clot was removed with forceps and gentle suction. 
There were arachnoid CSF leaks at both the L1-2 and L2-3 
interspaces. The dura was surgically closed and postopera- 
tively the patient's symptoms were completely relieved. 

Pathologic examination of the subdural hematoma re- 
vealed mature fibroblasts and delicate capillaries. The he- 
matoma was estimated as being 1 to 2 weeks old. 


Discussion 


Epidural blood patches have become an accepted 
treatment for relief of postural headache following 
lumbar puncture. In our patient, the initial EBP per- 
formed 24 hours after myelography produced only 
transient relief. Loeser et al? have shown that the 
success rate of EBP is significantly greater when done 
more than 24 hours after the lumbar puncture. For 
this reason a second EBP was performed. The treat- 
ment was then complicated by a plethora of treating 
physicians and the unusual EBP technique utilizing 
dural puncture used by one of them. The uninten- 
tional “wet tap" during the EBP done on the 11th day 
after the myelogram may have resulted from a new 
dural puncture or epidural CSF from a fistula induced 
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TABLE 
Summary of Lumbar Procedures 


Day Level Procedure Type of needle Service Wet (CSF) or dry tap Postural headache 
0 L1-2 Myelogram 18-gauge spinal Neurosurgery Onset 
1 L 2-3 Blood patch 17-gauge Tuohy  Aneszhesiolocy Dry Relieved 2 days 
3 L2-3 Blood patch 17-gauge Tuohy  Anes-hesiclocy Dry Relieved 1 day 
5 L1-2 Blood patch 22-gauge spinal ^ Neurosurgery-(different Wet (intentional) Relieved 3 days 
hospital) 
8 1.1-2 Blood patch 22-gauge spinal — Neurosurgery different Wet (intentional) Helieved 2 days 
hospital) 
11 L1-2 Blood patch 17-gauge Tuchy Neurosurgery Wet (unintentional) No relief 
15 L2-3 Biood patch 17-gauge Tuohy Anesthesiology Dry No relief 
22 Lumbar laminectomy Neurosurgery Relief 
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FIGURE. Proposed mechanism for production of the subdural 
hematoma. The needle tip inadvertently pierced the dura, but 
not the arachnoid. No CSF was aspirated, and the subsequently 
injected blood entered the subdural-epiarachnoid space. 


by the previous punctures. We hypothesize that the 
dural punctures led to direct injection of blood into 
the subdural space (Figure). A needle tip may pierce 
dura but not arachnoid which is normally adherent to 
the dura. This occurs not uncommonly during mye- 
lography resulting in dye injection into the subdural 
epiarachnoid space. Entry into this space may also 
be a cause of failed epidural or spinal anesthesia. In 
our patient, dural punctures may have separated the 
arachnoid from the dura and predisposed to subse- 
quent direct subdural injection of autologous blood. 
The multiplicity of EBPs in this patient was a result 
of her despair plus poor communication among three 
services in the two hospitals where she had sought 
help. Inasmuch as the success rate with a single EBP 
is extremely high when performed more than 24 
hours after lumbar puncture,’ a properly performed 
EBP is both safe and effective. This case illustrates 
that lumbar puncture may adversely complicate EBD, 


and EB” techniques that intentionally puncture the 
dura sFould be condemned. The question of how 
many pcoperly performed EBPs should be performed 
for persistent postlumbar ps headaches is un- 
resolvec.. 

Spinel subdural hematoma is a rare condition, hav- 
ing beea reported only 30 times.” ™ Three cases have 
been spontaneous” 9; seven have occurred after mild 


trauma’ ^ 19 have occurred with difficult lumbar 


puncture in patients with clotting disorders associated 
with articoagulants, hemophilia, or thrombocyto- 
penia?^* another case has been reported with at- 
temptec epidural anesthesia and subsequent contin- 
uous spinal anesthesia in a patient who received 
espirin.~ If spinal subdural or epidural hematoma is 
suspected because of neurologic deterioration, eval- 
uation and treatment must be promptly undertaken. 
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General Anesthesia in a 
Child with Urticaria 


Pigmentosa 


Margaret A. Coleman, MD,* 
Richard R. Liberthson, MD,+ 
Robert K. Crone, MD,t and 
Frederick H. Levine, MD§ 


The mastocytosis syndrome is an uncommon dis- 
order characterized by abnormal aggregates of hista- 
mine and heparin-containing mast cells." These le- 
sions involve the skin alone or, less often, the skin in 
conjunction with visceral organs.** The cutaneous 
manifestation is termed urticaria pigmentosa and is 
characterized by multiple discrete brownish-red ma- 
cular or maculopapular lesions which occur predom- 
inantly on the truncal regions and which may coalesce 
with age. These lesions are remarkable for their 
tendency to urticate. 

Mast cell degranulation with histamine and heparin 
release into the circulation may occur in response to 
trauma or temperature extremes, as well as exposure 
to biologic polymers found in lobster, snake and bee 
venom, to bacterial toxins and alcohol, and to phar- 
macologic preparations including aspirin, opiates, po- 
lymyxin, quinine, thiamine, d-tubocurarine, papav- 
erine, and gallamine.^?? Generalized anaphylactic 
reactions with cardiovascular collapse and death have 
been described with even minor surgical proce- 
dures,^? although we could find only a single well 
described case of a patient who had urticaria pigmen- 
tosa and who underwent elective surgery.” Invasive 
intervention in patients with urticaria pigmentosa 
should be avoided whenever possible, and when es- 
sential, requires meticulous attention to all known 
precautions. 


* Clinical Fellow in Pediatrics. 

T Assistant Professor in Medicine and Pediatrics. 

t Instructor in Pediatrics and Anesthesia. 

8 Assistant Professor of Surgery. 

Received from the Departments of Pediatrics, Medicine (Cardiac 
Unit), Anesthesia, and Surgery (Cardiovascular Unit), Harvard 
Medical School, Massachusetts General Hospital, Boston, Massa- 
chusetts 02114. Accepted for publication May 7, 1980. 

Reprint requests to Dr. Liberthson, Cardiac Unit, Massachusetts 
General Hospital, Boston, MA 02114. 


ANESTHESIA AND ANALGESIA 
Vol 59, No 9, September 1980 


704 


In this report we describe a 4-year-old girl who had 
urticaria pigmentosa and a large patent ductus arter- 
iosus that required surgical ligation. We discuss the 
clinical, anesthetic, and surgical management of this 
case, and we review the pertinent literature. 


Case Report 


A 4-year-old girl was admitted to the Massuchusetts 
General Hospital for surgical correction of a patent ductus 
arteriosus. A continuous heart murmur and cardiomegaly 
were first noted at age 3 months. At the age of 5 months 
generalized skin lesions were observed by the family. The 
diagnosis of urticaria pigmentosa was made at 1 year of age. 
As illustrated in the Figure, there were multiple 1- to 3-mm 
sized maculopapular lesions which involved the entire skin 
surface but were concentrated mainly over her trunk. The 
lesions were brownish-red in color and reddened with 
crying and exertion; there was a positive Darier’s sign 
(urticaria with pressure), but there was no spontaneous or 
stress-induced urticaria, generalized flushing, pruritus, or 
diarrhea. Patent ductus ligation was initially deferred and 
the patient was followed closely, with findings of persisting 
cardiomegaly. The urticaria pigmentosa did not regress. 

At age 4 years cardiac catheterization and surgical ligation 
of the ductus were performed. At this time examination 
revealed a large hyperdynamic left ventricle and bounding 
peripheral pulses with blood pressures of 110/40 to 50 mm 
Hg. The patient had a loud continuous murmur heard 
maximally below her left clavicle. Her hemogram was nor- 
mal. The electrocardiogram revealed left atrial and left 
ventricular enlargement with a diastolic overload pattern; 
on her chest x-ray film there was markedly increased pul- 
monary blood flow with left atrial and left ventricular 
enlargement, and a prominent aorta and main pulmonary 
artery. Cardiac catheterization revealed a large patent ductus 
arteriosus with a step-up in oxygen saturation from the 
right ventricle to the pulmonary artery from 81% to 88%. 
Pulmonary arterial pressure was normal. 

The patient's weight was 18.3 kg. Oral diazepam, 10 mg, 


_ and diphenhydramine, 37.5 mg, were used preoperatively. 


Anesthesia consisted of halothane and nitrous oxide-oxy- 
gen. Ventilation was controlled using a semiclosed circle 
system. Muscle relaxants were not required. There was no 
difficulty in placement of the endotracheal tube, the radial 
arterial line, or the peripheral intravenous lines. The patient 
was monitored with electrocardiogram electrodes, esopha- 
geal temperature probe and stethoscope, and transduced 
blood pressure. À large patent ductus arteriosus (approxi- 
mately 0.5 cm in length and 0.7 cm in diameter) was double 
ligated. There was no significant postoperative bleeding nor 
was there respiratory difficulty. During the early postoper- 
ative period the patient experienced systemic hypertension 
(165/80 to 100 mm Hg) which was managed with intrave- 
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FIGURE. Predominantly truncal distribution of pigmented macu- 
lar and papular lesions at 4 years of age. 


nous propranolol and abated after 1 week. She received 
intravenous meperidine, 10 mg, for pain on three occasions 
postoperatively without incident. 

Three months following patent ductus ligation, an intra- 
venous pyelogram and voiding cystourethrogram were per- 
formed for evaluation of recurrent urinary tract infections 
which had also been present from age 1 year. A meatal 
stenosis was identified and at age 5 years cystoscopy and 
meatotomy were performed under general anesthesia. Di- 
phenhydramine was used preoperatively. Rectal methohex- 
ital, 500 mg, was given and halothane and nitrous oxide- 
oxygen were administered by facemask and a semiclosed 
circle system. This anesthesia was also uneventful. Intra- 
venous meperidine, 10 mg, was again used postoperatively 
for pain without incident. 

At age 6 years the child has a normal heart or physical 


examination, has no cardiovascular symptoms, and has had 
no further urinary tract infections. Her urticaria pigmentosa 
remains anchanged; she has had no related symptoms. 


Discussion 


Preveation and treatment of hemodynamic compli- 
cations, specifically hypotension, syncope, and shock, 
are the major concerns in administering anesthesia to 
a patien with mastocytosis. Although these are more 
likely tooccur in patients with extensive mastocytosis, 
they have been described with even minimal disease.? 
In the general care of these patients and in their 
rperioperative management, avoidance of stimuli and 
agents known to cause mast cell degranulation and 
subsequent release of histamine is essential. Selection 
of pre-, intra-, and postoperative pharmacologic 
agents requires careful evaluation. Polymyxin, thia- 
mine, qcinine, papaverine, morphine, codeine, atro- 
pine anc. its derivatives, d-tubocurarine, gallamine, 
dextran, and aspirin and aspirin-containing agents 
may cause mast cell degranulation and are contrain- 
dicated.* Inhalation anesthetics do not cause degran- 
ulation end may be safely used, as may succinylcho- 
line in patients requiring a muscle relaxant.” Meperi- 
dine wa well tolerated in our patient and has also 
been used by others for analgesia.” 

Chror.c administration of antihistamines is useful 
for relier of symptoms related to mastocytosis.? The 
preoperative administration of antihistamines may 
have prophylactic value in blocking tissue uptake of 
histamine; however, it does not affect histamine re- 
lease from the mast cells themselves. Sodium crom- 
oglycate has also been used chronically to prevent 
svmptorrs of mastocytosis.^" Although its mecha- 
nism of action is not completely understood, it is 
thought to stabilize the mast cell membranes and 
prevent degranulation. To our knowledge, sodium 
cromogh cate has not been systematically evaluated 
ir. patiercs undergoing anesthesia and surgery. 

Management of severe hypotension and shock fol- 
lcws star dard resuscitation principles including vol- 
ume supoort and the use of alpha- and beta-agents.? 
Acutely :dministered antihistamines may be of some 
value in p reventing tissue uptake of histamine. Steroid 
preparations have not been shown to be of value.” 

Preoperative hemorrhagic diathesis secondary to 
heparin lease from mast cells is a potential concern, 
although it is uncommon.” Our patient had no hem- 
orrhagic difficulties. Protamine sulfate has been used 
successfilly in the treatment of bleeding in such 
patients." ? Gastrointestinal symptoms including 
bleeding are also of potential concern because of 
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increased secretion of gastric acid secondary to in- 
creased circulating histamine. Careful attention to and 
treatment of symptoms of ulcer or complications of 
gastrointestinal bleeding warrant immediate attention. 

In summary, a 4-year-old child with urticaria pig- 
mentosa who underwent general anesthesia and sur- 
gical ligation of a patent ductus arteriosus has been 
described and pertinent principles of anesthetic man- 
agement have been reviewed. 
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Detrimental Effects of Removing PEEP Prior to Extubation 


Patients recovering from acute respiratory insufficiency are usually not extubated until they can 
ventilate adequately while breathing spontaneously at ambient end-expiratory pressure, using a “T- 
tube.” It was hypothesized that this period of T-tube breathing might be detrimental to gas exchange 
since the endotracheal tube abolishes the expiratory retard produced by the glottis and thereby 
inhibits the patient's ability to maintain an adequate functional residual capacity (FRC). To test this 
hypothesis, pulmonary function of 17 patients was compared during T-tube breathing and continuous 
positive airway pressure (CPAP), and after extubation. Intrapulmonary shunt was higher and arterial 
Po, and FRC were lower during T-tube breathing than during CPAP or after extubation. In contrast, 
shunt, Pao, and FRC were similar during CPAP and after extubation. Furthermore, after extubation 
there was an increase in mean expiratory airway pressure as compared to T-tube breathing. A 
comparison of patients extubated from the T-tube with patients extubated from CPAP showed no 
difference in postextubation shunt, Pao, or FRC. These data suggest that endotracheal intubation 
should be accompanied by low levels of CPAP and the patients should be extubated directly from 
CPAP. The authors suggest the practice of placing patients on a T-tube prior to extubation should be 
abandoned as unnecessary and potentially harmful. (Annest SJ, Gottlieb M, Paloski WH, et al: 
Detrimental effects of removing end-expiratory pressure prior to endotracheal extubation. Ann Surg 
191:539-545, 1980) 
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Massive Doses of 
Nitroglycerin in a Patient 
with Variant Angina ~ 


Carolyn J. Wilkinson, MD,* and 
John H. Sanders, Jr., MDT 


Intravenous nitroglycerin (GTN) is used to decrease 
myocardial oxygen demand in patients with prein- 
farction angina, patients with acute myocardial in- 
farction’ and those undergoing coronary bypass sur- 
gery.” Large doses (20 mg/hr) have been advocated 
for deliberate hypotension during total hip replace- 
ment? and resection of intracranial aneurysm.* The 
lack of severe precipitous hypotension, absence of 
toxicity, improvement of ST-segment depression, and 
coronary vasodilation have been reasons for its in- 
creased intravenous use. Unfortunately, tolerance 
may develop after continuous infusions and may 
necessitate increasingly large doses to maintain a 
given therapeutic effect. 

We encountered a patient with variant angina who 
was treated with massive doses of intravenous GTN. 
Myocardial ischemia accompanied by wide oscilla- 
tions in arterial pressure after coronary bypass sur- 
gery may have been secondary to coronary vasospasm 
after withdrawal of GTN. 


Case Report 


A 59-year-old woman with a history of smoking 1% 
packs of cigarettes per day for 37 years was admitted to 
hospital because of increasing frequency of angina occur- 
ring at rest. She was well until 2 weeks prior to admission 
when she experienced the first episode of diaphoresis and 
substernal tightness radiating to the left shoulder and lasting 
’ hour. At that time, no evidence of myocardial infarction 
was documented. 

Physical examination revealed blood pressure of 125/88 
torr, pulse 60, and respirations 16/min. Her lungs were 
clear and examination of the heart normal. The hematocrit 
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was 45%; serum enzyme and electrolyte level and urinalysis 
were normal. The electrocardiogram showed a normal sinus 
rhythm at 60 beats per minute with biphasic, inverted T- 
waves in the precordial leads. The chest x-ray was normal. 
With pain, ventricular tachycardia and 10-mm ST-segment 
elevation occurred in leads V; through V;. 

The patient was admitted to the cardiac intensive care 
unit with the diagnosis of variant angina and treated with 
propranolol, sublingual GTN, topical GTN ointment, diaze- 
pam, and morphine. Despite this therapy, the frequency of 
the episodes of chest pain increased and were accompanied 
by ventricular tachycardia and ST-segment elevation in the 
anterior precordial leads. 

Because of the pain and arrhythmias, GTN and lidocaine 
were infused intravenously in ascending increments. During 
a period of 10 days the patient was given intravenous GTN 
continuously, beginning with a tota] daily dose of 3 mg/ 
day, which increased to maximum of 1320 mg/day. In 
addition, sublingual GTN and topical GTN ointment were 
used. The propranolol was also gradually increased to 1000 
mg daily. On the 3rd day of this therapy, there was a period 
of 20 minutes during which the intravenous GTN was 
inadvertently discontinued. This was accompanied by chest 
pain and ventricular tachycardia unrelieved by morphine 
and sublingual GTN, but relieved by restarting the intra- 
venous infusion of GTN. 

Cardiac catheterization revealed good left ventricular 
function and an isolation high grade proximal tubular ste- 
nosis of the left anterior descending coronary artery. A 
decision was made to correct the lesion surgically. 

Upon arrival in the operating room the patient was 
lethargic but hemodynamically stable. Anesthesia was in- 
duced with 0.596 halothane; tracheal intubation was accom- 
plished after 60 mg of succinylcholine without appreciable 
changes in blood pressure or heart rate. Anesthesia was 
maintained with 0.5% to 1% halothane and 50% nitrous 
oxide. During and after induction, the V5 lead showed no 
ischemic changes and the blood pressure -remained stable 
between 130/70 and 110/70 torr. GTN was continued prior 
to cardiopulmonary bypass and then discontinued. 

Cardiopulmonary bypass was instituted with a single 
venous cannula and an ascending aortic cannula with sys- 
temic hypothermia (30 C) and flows adequate to maintain 
mean pressures between 60 and 80 torr. The proximal 
(aortovenous) anastomosis was carried out first, the aorta 
then clamped, the heart arrested with a cold hyperkalemic 
cardioplegic solution and the left ventricle decompressed 
with a vent. A distal anastomosis was then carried out to 
the middle third of the left anterior descending coronary 
artery (LAD). A probe, passed proximally, encountered a 
high grade lesion which had not been seen radiographically; 
accordingly, a second graft was anastomosed to the LAD 
segment between the two lesions. 

Total aortic cross-clamp time was 35 minutes. Sinus 
rhythm resumed spontaneously following removal of the 
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clamp and the patient was weaned from cardiopulmonary 
bypass with left atrial pressure 12 cm H2O, arterial pressure 
120/80 torr without inotropic support. The Vs lead ECG 
appeared normal. The combined graft flow was 110 ml/ 
min. 

Thirty minutes after the cessation of cardiopulmonary 
bypass, the V; lead revealed marked ST-segment elevation 
and ventricular tachycardia occurred along with marked 
variations in blood pressure from 200/160 to 70/40 torr. 
Cardiopulmonary bypass was reinstituted with rapid ECG 
and cardiovascular stabilization. Graft flow remained be- 
tween 110 and 125 ml/min. 

Two more efforts were made to discontinue bypass. Each 
was followed by ST-segment elevation in the Vs lead of the 
ECG and hypertension Followed by hypotension. Finally, a 
stable electrocardiographic and hemodynamic state was 
achieved and maintained by using a Datascope intra-aortic 
balloon and an infusior. of phenylephrine to maintain bal- 
loon-augmented diastolic arterial pressures at 130 torr, and 
isoproterenol to counteract the beta-adrenergic effects of 
propranolol. ' 

Minor fluctuations in ST-segments occurred for the next 
5 hours, each responsive to an increase in balloon-aug- 
mented diastolic pressures. The phenylephrine and isopro- 
terenol were gradually discontinued over the next 12 hours, 
and the intra-aortic bal.oon was removed in 36 hours. The 
remainder of the patient's course in the hospital was un- 
eventful. The patient had no significant elevation of serum 
levels of cardiac enzymes including CPK-MB; upon dis- 
charge her ECG showed only minor ST abnormalities com- 
patible with postoperative pericardial changes. She was 
discharged 2 weeks postoperatively and has had no angina 
for the past 6 months. 


Discussion 


When patients with unstable angina are treated 
with large intravenous doses of GTN and then sub- 
jected to coronary artery surgery, GTN is usually 
discontinued during cardiopulmonary bypass and 
rarely reinstituted unless ischemic electrocardi- 
ographic changes and hypertension occur. 

Adverse clinical reactions have been reported after 
abrupt withdrawal of several cardiovascular drugs, 
e.g. nitroprusside,” propranolol? or clonidine,’ but 
not after GTN therapy for angina. Coronary ischemia 
associated with withdrawal of nitroglycerin has, how- 
ever, been reported in nonatherosclerotic munition 
workers. The withdrawal syndrome is identical with 
that of nonatherosclerotic variant angina. In these 
workers, angina pectoris, myocardial infarction, and 
sudden death have been well documented in indus- 
trial medical journals.2" 

We speculate that in our patient the chronic infu- 
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sion of GTN with subsequent abrupt withdrawal may 
have produced the adverse hemodynamic changes 
following cardiopulmonary bypass. The marked var- 
iations in blood pressure, with episodes of hyperten- 
sion followed by hypotension, may represent a re- 
bound phenomenon similar to that which occurs with 
nitroprusside. Vatner and associates” have reported 
that GTN given intravenously to conscious dogs ex- 
erts a biphasic response consisting of initial increases 
in cardiac ouput and coronary, mesenteric, and sys- 
temic blood flows followed by a decrease in cardiac 
work and output with significant vasoconstriction in 
coronary, mesenteric, and systemic beds during the 
withdrawal period. They did not observe withdrawal 
vasoconstriction with systemic GTN in deafferented 
dogs and postulated that the vasoconstriction was 
secondary to autonomic reflexes, tachyphylasis, and 
venous pooling, induced on the basic of reduced 
myocardial metabolic demands. 

Patients may tolerate large doses of GTN for pro- 
longed periods because metabolic requirements of the 
heart are reduced. Reduced cardiac metabolism is 
followed by decreased coronary blood flow and com- 
pensatory reflex coronary vasoconstriction. Upon 
withdrawal of GTN, tha vasodilator effects disappear 
leaving the reflex vasoconstriction unopposed. 

In our case, the large preoperative dose of propran- 
olol may have further complicated the post-bypass 
period. Propranolol has been reported to increase 
symptoms of myocardial ischemia in patients with 
variant angina by allowing more intense alpha-adre- 
nergic vasoconstriction when  beta-receptors are 
blocked.'*"!® 

Featuring further alpha-adrenergic stimulation of 
the coronary arteries, one might question the use of 
phenylephrine in our patient. When aortic pressure 
is enhanced and diastolic blood pressure is increased, 
however, the net effect is an increase in coronary 
blood flow. 

We have presented a patient with variant angina 
who received massive doses of GTN and propranolol 
and who remained hemodynamically labile for 12 
hours after a coronary bypass operation. Recovery 
was effected by the use of an intra-aortic balloon and 
alpha- and beta-adrenergic stimulation. 

We postulate that withdrawal ischemia may be a 
serious consequence of prolonged exposure to high 
doses of GTN, especially in patients with variant 
angina and in patients receiving large doses of pro- 
pranolol. It is paradoxical that GTN, long known for 
its vasodilating properties, may be responsible for 
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vasoconstriction. Further study is necessary to evalu- 
ate the effects of massive doses of GTN in patients 
with coronary artery disease. 
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Amphetamine Abuse 
and Obstetrical 
Anesthesia 


To the Editor: 


The report by Samuels, Maze, and 
Albright (Cardiac arrest during cesar- 
ean section in a chronic amphetamine 
abuser. Anesth Analg 58:528-530, 
1979) suggests that under certain con- 
ditions amphetamine users may have 
marked adverse reactions to anesthe- 
sia. Our recent experience with an 
amphetamine user who developed 
pulmonary edema after cesarean sec- 
tion supports this concept. 

The patient was 25 years old and 
presented at 32 weeks gestation in 
active labor. She gave a history of 
chronic amphetamine abuse and 
stated that she had taken amphet- 
amines 8 hours before admission. She 
had no history of heart or lung disease 
and denied taking other drugs. Her 
weight was approximately 70 kg. At 
the time of admission blood pressure 
was 100/60 mm Hg; pulse 100 beats 
per minute; temperature 39.1 C (oral). 
Fetal heart rate was 80 to 100 beats 
per minute. A fetal scalp blood spec- 
imen had a pH of 6.7. Emergency 
cesarean section for fetal distress was 
scheduled. 

After preoxygenation, left uterine 
displacement, atropine (0.5 mg IV), 
and d-tubocurarine (3 mg IV), anes- 
thesia was induced with thiopental 
(250 mg IV) following which succi- 
nylcholine (100 mg IV) was given. 
Cricoid pressure was applied and the 
trachea was intubated. There was no 
evidence of gastric contents in the 
airway. Breath sounds were heard bi- 
laterally and remained normal 
throughout the operation. Anesthesia 
was maintained with nitrous oxide 
(5096), halothane (0.596), and a contin- 
uous infusion of succinylcholine. Di- 
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azepam (10 mg IV) and morphine (10 
mg IV) were given after the delivery. 
Five minutes after induction, a 2.1-kg 
boy was delivered. The infant had 
Apgar scores of 1 and 3 at 1 and 5 
minutes, respectively, and subse- 
quently died on the 4th postpartum 
day from respiratory arrest and intra- 
cranial bleeding. Ampicillin and gen- 
tamycin were given intravenously to 
the mother immediately after deliv- 
ery. 

The anesthetic was complicated by 
hypotension (systolic blood pressure 
70 mm Hg, tachycardia (pulse 110 
beats/min), pronounced peripheral 
vasoconstriction, and oliguria. These 
were treated with plasma protein frac- 
tion (500 ml), normal saline (600 ml), 
and lactated Ringer's solution (700 
ml) for a total volume of 1800 ml 
during the 1'4-hour operation. There 
was minimal blood loss (estimated at 
400 ml) and the placenta appeared to 
be vasoconstricted. Despite fluid 
therapy, blood pressure remained low 
(70 to 90 mm Hg systolic) and pulse 
rate elevated (110 beats/min) 
throughout the operation. Urine out- 
put during surgery was 40 ml. The 
patient was responsive and breathing 
spontaneously at the end of the op- 
eration and the trachea was extubated 
in the operating room. However, dur- 
ing transfer to the recovery room, the 
patient became tachypneic (36 
breaths/min); rales and wheezes were 
now heard bilaterally. A central ve- 
nous pressure (CVP) catheter was in- 
serted; the CVP was 16 cm H20. Min- 
ute ventilation was 10.8 L, vital capac- 
ity 1 L. Blood gas tensions while 
breathing 60% Os by mask (actual 
Fio, was probably lower) were Pao, 83 
mm Hg, Paco, 42.9 mm Hg; pH was 
7.27, and base excess 6.8 meq/L. 
Chest x-ray was compatible with pul- 
monary edema. Despite furosemide 
(10 mg), urine output of 1 L, and 
supplemental oxygen, the patient's 


oxygenation deteriorated over the 
next 5 hours with an Fro, 0.60, the 
Pao, was 60 mm Hg, Paco, 32.7 mm 
Hg, pH 7.34, and base excess —5.0 
meg/L. The trachea was reintubated. 
Over the next 8 hours, with further 
diuresis, positive pressure ventilation, 
and PEEP (6 cm H2O) oxygenation 
improved, the CVP decreased to 12 
cm H3O, and the endotracheal tube 
was removed. The rest of her hospital 
course was uneventful. 

The severity, but rapid resolution 
of her pulmonary edema makes 
pneumonia, aspiration, pulmonary 
embolism, and amniotic fluid embo- 
lism unlikely causes of our patient's 
respiratory failure. Sepsis may cause 
respiratory failure, but cultures of 
blood, sputum and amniotic fluid 
were unremarkable and the placenta 
showed no histologic evidence of in- 
flammation or infection. Her elevated 
temperature resolved promptly after 
delivery. Allergic reactions to anes- 
thetic agents or antibiotics were un- 
likely; she had no hives, rash, or lar- 
yngospasm; rales were more promi- 
nent than wheezing. The 1800 ml of 
intraoperative fluids, by itself, would 
be unlikely to cause pulmonary 
edema in an otherwise healthy patient 
especially one with signs of volume 
depletion (hypotension, tachycardia, 
low urine output). 

Thus this patient's postanesthetic 
pulmonary edema is unexplained, ex- 
cept for the possible association with 
chronic amphetamine use (a screen- 
ing test on urine, obtained after deliv- 
ery, was positive for amphetamine). 
Although chronic amphetamine use 
depletes catecholamines, acute ad- 
ministration may cause vasoconstric- 
tion suggesting the presence of a re- 
duced vascular capacity coupled with 
inadequate cardiac reserve in our pa- 
tient. Although we cannot substanti- 
ate that amphetamine use was the 
causative factor in our patient's pul- 


monary edema, our experience, to- 
gether with the experience of Samuels 
et al, suggests that under certain cir- 
cumstances amphetamine users pres- 
ent serious anesthetic risks. 


David 5. Smith, MD, PhD* 
Brett B. Gutsche, MD 
Department of Anesthesia 
Hospital of the University 

. of Pennsylvania 
Philadelphia, Pennsylvania 19104 


Unusual Case of 
Recovery Room Air 
Pollution 


To the Editor: 


With the opening of a new critical 
care facility containing intensive care 
units, operating rooms, and the recov- 
ery room, routine scavenging of waste 
anesthetic gases was established. 
Shortly after the opening of the op- 
erating and recovery rooms, nursing 
staff in the recovery room began to 
complain of headaches, lethargy, 
weakness, and dizziness. The symp- 
toms occurred most frequently in one 
corner of the recovery room, and 
would occur after only a short period 
of time in that area. Visitors noticed 
the sudden onset of light-headedness 
and weakness, but no definite smell 
was noticed. 

Our first thought was that trace 
anesthetic gases were somehow being 
delivered to the recovery room and 
causing these symptoms. On three 
separate days, samples of ambient air 
were taken in gas-tight syringes and 
were analyzed for halothane and en- 
flurane in a gas chromatograph using 
a method described previously.’ No 
detectable amounts of either agent 
were found, 

We then questioned whether car- 
bon monoxide contamination of am- 
bient air could account for these 
symptoms. Accordingly, venous 
blood was drawn from two nonsmok- 
ing members of the recovery room 
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staff and analyzed for carboxyhemo- 
globin using an IL 282 Co-oximeter. 
Samples were drawn before and after 
the onset of symptoms. All results 
were within the normal range for our 
laboratory (i.e., less than 396). Further 
investigation revealed that nursing 
staff in the coronary care unit (one 
floor above the recovery room) were 
also complaining of intermittent 
symptoms of lethargy, headache, and 
dizziness. 

Having excluded carbon monoxide 
and trace anesthetic gases, we consid- 
ered other sources of pollution. We 
learned that construction on areas 
above the coronary care unit and the 
recovery room was still in progress. 
An industrial epoxy paint (Pratt and 
Lambert Palgard) was in use and a 
quantity of the activator, which con- 
tained 27% ethylene glycol ether and 
11.8% ketones had been spilled into 
the air-conditioning ductwork. One 
of the nurses from the recovery room 
developed the described symptoms 
immediately upon entering the con- 
struction area. 

The use of the paint has been dis- 
continued, and there have been no 
further complaints of unusual symp- 
toms from the recovery room staff. 

The increasing concern over oper- 
ating room pollution? will, no doubt, 
affect the fashion in which anesthesia 
is practiced. However, we should re- 
alize that operating room pollution is 
not always attributable to trace anes- 
thetic gases. Unusual causes should 
be sought out after obvious possibil- 
ities have been excluded. 


Peter R. Lichtenthal, MD* 
George Katele, MD 
H. Steele Holley, MD 
Department of Anesthesia 
Northwestern University 
Medical School and 
Northwestern Memorial Hospital 
Chicago, Illinois 60611 
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Circle Absorber and 
Soda Lime 
Contamination 


To the Editor: 


Checking for leaks in the circle 
system is an integral part of the rou- 
tine examination of an anesthetic ma- 
chine. During such a test we recently 
observed contamination with soda 
lime dust of the inspiratory limb of 
the Drager circle system with jumbo 
absorbers (serial number 3407, 12, 22 
and 23), Here the fresh gas supply to 
the circuit is placed in the recom- 
mended position, upstream to the in- 
spiratory unidirectional valve and 
downstream from the canister. In 
terms of gas flow the reservoir bag is 
placed in series, between the expira- 
tory unidirectional valve and the can- 
ister. 

In an attempt to account for the 
dust contamination, the Y-piece of a 
clean circle system with fresh soda 
lime was connected to a 2.5-L capacity 
rubber bag. Oxygen was introduced 
into the system at 5 L/min and the 
rebreathing bag was intermittently 
compressed by an Air-Shields res- 
pirator at 12 times a minute at a peak 
inspiratory pressure of 30 cm HO. 
After 20 minutes the rubber bag was 
disconnected and the leak in the sys- 
tem was checked as follows: with the 
relief valve closed and the Y-piece 
covered, the reservoir bag was filled 
using the oxygen flush until the pres- 
sure gauge in the system read 40 cm 
H:O. This sequence of ventilation 
and.checking the system for leaks was 
repeated eight times. Following this, 
a substantial amount of soda lime 
dust accumulation was noted in the 
bottom of the absorber and by 
squeezing the reservoir bag we were 
able to observe soda lime contami- 
nation of the inspiratory limb. 

The association between the ab- 
sorber design and soda lime contam- 
ination was confirmed with the man- 
ufacturer. The company (Penlon) has 
rectified this problem by changing the 
position of the reservoir bag on to the 
inspiratory limb. Although compli- 
cations related to contamination of 
the inspiratory limb with soda lime 
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dust are rare, they can cause major 
respiratory problems.’ Therefore, we ` 
suggest that anesthesiologists still us- 
ing the above circle absorber contact 
the manufacturer and replace it with 
the modified circuit. 

We thank Penlon Incorporated for 
their cooperation. 
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L. Amaranath, MD* 

Azmy R. Boutros, MD 
Division of Anesthesiology 
Cleveland Clinic Foundation 
9500 Euclid Avenue 
Cleveland, Ohio 44106 


* Reprint requests to Dr. Amaranath. 
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Angiotensin Inhibition in Patients with Congestive Heart Failure 


The central and peripheral hemodynamic responses to the angiotensin-converting enzyme inhibitor | 
teprotide (SQ 20881) were simultaneously determined in 10 patients with severe, refractory congestive 
heart failure using Swan-Ganz catheterization and venous occlusion calf plethysmography. Significant 
declines in mean arterial pressure (82.5 + 4.9 to 67.1 + 5.0 mm Hg (+ SEM), p < 0.001), systemic 
vascular resistance (1787 + 130 to 1272 + 115 dyn.sec.cm ?, p < 0.001), and mean pulmonary 
capillary wedge pressure (26.8 + 2.5 to 17.1 + 2.5 mm Hg, p « 0.001) accompanied improvement in 
cardiac index (2.04 + 0.17 to 2.47 + 0.20 L/min/m^, p < 0.001). Reduction in mean right atrial 
pressure (9.8 + 2.0 to 5.2 + 1.8 mm Hg, p « 0.005) was not a result of limb venodilation, as calf 
venous capacitance did not change. The decrease in limb vascular resistance (76.6 + 11.0 to 62.9 + 
10.7 units, p « 0.05) did not parallel the fall in systemic vascular resistance in either magnitude or 
duration (p « 0.05). Pulmonary arteriolar resistance was not appreciably changed. Teprotide therefore 
reduces ventricular afterload and significantly improves cardiac function in patients with congestive 
heart failure. The greater change in systemic vascular resistance versus limb resistance implies 
preferential redistribution of flow to other regions. These findings shed light upon the role of the 
renin-angiotensin system in the regulation of regional vasoconstriction in congestive heart failure and 
suggest that teprotide may act as a "vasoreleaser" of pathophysiologic arteriolar constriction. (Faxon 
DP, Creager MA, Halperin JL, et al: Central and peripheral hemodynamic effects of angiotensin 
inhibition in patients with refractory congestive heart failure. Circulation 61:925 -930, 1980) 
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The Concept of a Blood- 
Brain Barrier, by M. Brad- 
bury. Somerset, NJ, John 
Wiley & Sons, inc, 1979, 
465 pp, $60.50. 


Michael Bradbury undertóok the 
difficult task of accumulating the vo- 
luminous and complex data pub- 
lished on the blood-brain barrier. 
That he could organize this informa- 
tion into a pleasant, readable refer- 
ence text, is remarkable. This reada- 
bility owes a great deal to the precise, 
lucid style of the prose and to the 
careful, logical manner in which the 
data lead to the formulation of each 
premise or argument. The summary 
at the end of each chapter allows the 
reader both to confirm his impres- 
sions on each topic and to place them 
in the context of the whole chapter. 

The book is written from the stand- 
point of a neurophysiologist and 
hence has limited appeal to the clini- 
cal anesthesiologist. Although much 
scientific data are presented, very lit- 
tle pertains to clinical research, and 
few definite conclusions are drawn. 
These features would be expected in 
a scientifically objective publication; 
however, they may disappoint the 
mildly interested clinician who would 
not have the time or inclination to 
draw his own conclusions from the 
data presented. 

This is not the case with chapter 
12, “Breakdown of the Blood-Brain 
Barrier.” The clinical anesthesiologist 
may be more comfortable with the 
material in this chapter, probably be- 
cause of the greater exposure this 
topic has had in clinical literature. 
The previous chapter, dealing partly 
with drug transfer across the blood- 
brain barrier, is the only one in which, 
from an anesthesiologist’s standpoint, 
there is insufficient information. 

In summary, Bradbury’s lucid trea- 
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tise will serve as a useful reference 
for anyone who has a special interest 
in the physiology of, or who is in- 
volved in research on, the blood-brain 
barrier. 


Brian A. Saunders, MD 
Assistant Professor and 
Clinical Associate Professor 
Departments of Anaesthesiology, 
Neurosurgery, anc Pharmacology 
University of British Columbia 
Vancouver, British Columbia 
Canada 


Anesthetic Exposure in 
the Workplace, by E. N. 
Cohen. Littleton, MA, PSG 
Publishing Co, Inc, 1980, 
210 pp, $22.50. 


This volume, with chapters con- 
tributed by an active investigator (C. 
W. Whitcher, MD), an NIOSH sci- 
entist (C. L. Geraci, PhD), and a Stan- 
ford University attornzy (G. A. Mon- 
dry, JD), summarizes the “state of the 
art” in the area of occupational anes- 
thetic exposure. It cantains answers 
to! most questions tnat have been 
asked about this subject, and as such, 
is an important reference source. 

Although it will be easily under- 
stood by most anesthesiologists, oth- 
ers may have problems with it. Hos- 
pital administrators, occupational 
physicians, attorneys, and even sci- 
entists who have never been in an 
operating room—these people are not 
given enough information. Since they 
are likely to consult this text, it would 
have been appropriate to set the stage 
for them. Following Cohen's very in- 
teresting initial chapter showing that 
this is not a new concern, Whitcher's 
encyclopedic recitaticn of ambient 
anesthetic concentrations begins 
without a schematic drawing of the 
anesthesia machine to show the 
sources of gas leakage. Terms such as 
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"grab samples," "time-weighted av- 
erages," and "scavenging" are used 
without first being defined. Unless 
the reader already understands this 
subject to some extent, these concen- 
tration data do not mean much. A 
brief chapter preceding this one, in 
which the manner of gas leakage was 
made quite clear, would have been 
useful. 

The chapter on animal data is 
weak, largely because the data them- 
selves are weak. By far the best chap- 
ter is the next one, in which the hu- 
man epidemiologic data are given. 
One might wonder if this should not 
have been chapter 2, following the 


- historical perspective, in order to de- 


fine the reasons for measuring con- 
centrations, inventing ways to reduce 
them, and the like. The remainder of 
the book concerns control proce- 
dures, the role of NIOSH and legal 
implications. 

Other than these problems with 
the organization of chapters, a rela- 
tively minor criticism, the book is well 
written, interesting, and definitive. 
Cohen is fair in admitting his biases, 
gracious in his acknowledgment of 
opposing opinions, and every bit the 
scholar that we know him to be. His 
book is highy recommended reading 
to all who care about their working 
environment. 


David L. Bruce, MD 
Professor of Anesthesiology 
University of California 
Irvine, CA 


Sedation, Local and Gen- 
eral Anesthesia in Den- 
tistry, Third Edition, by N. 
B. Jorgenson and J. Hay- 
den. Philadelphia, Lea & 
Febiger, 1980, 299 pp, 
$27.50. 


The last sentence of the preface to 
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this edition expresses anticipation 
and hope for “the hardy." One must 
be hardy to read this book and find 
many positive aspects. Four of the 10 
chapters were written by others and 
require little endurance, but chapter 
3, thirty pages titled, “Sedation in 
Dentistry," must be an example of 
the worst writing that might ever be 
encountered in a text. Chapters 5 and 
7, which respectively discuss compli- 
cations and equipment, are almost as 
bad. In these chapters, the pedantic 
style and strained expressions, plus a 
multitude of dangling and misplaced 
modifiers, plus the strained use of 
quotations, plus barely appropriate 
references to the authors’ personal 
experience, were highly distracting, to 
say the least. As they are written, 
these three chapters should not have 
survived to a first edition; a third is 
unbelievable! 

Contributed chapters 1 and 2 are 
not referenced; they may be adequate, 
but they seemed incomplete. Chapter 
4, on infiltration and nerve block 
techniques, seemed ponderous, but 
perhaps those inexperienced in these 
techniques would respond to it dif- 
ferently. The order and presentation 
of chapter 5 was confusing, due in 
part to the lack of headings and sep- 
aration of paragraphs. Except for 
chapter 7, the last five chapters cover 
minimally, but probably adequately, 
general anesthesia, anatomy, local an- 
esthetics, and history. Chapter 7 may 
be of some value, but it reminded me 
of a slick equipment catalog. 

Although there are a number of 
good figures, the need for some of 
them, and for some of the tables and 
appendices, is not made readily ap- 
parent by the text. The glossy pages 
were often difficult to read because of 
light reflections, and the color was 
soon rubbed off the corners and edges 
of the cover. 

One of the most aggravating things 
about this book was the predominant 
use of the word “dentistry,” instead 
of “dental” to modify such terms as 
schools, professional journals, prac- 
tice, occupational exposures, offices, 
treatment, education, etc; usually this 
seemed either incorrect or stuffy. By 
the time I got to page 197 and read 
“ .. fixed fenestrations (glass panels) 
..." | almost succumbed to the fester- 
ing urge to defestrate this poorly writ- 
ten, overpriced book. 
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Practical Dental Anaes- 
thesia, by A. Kilpatrick. 
New York, Churchill Living- 
stone, 1979, 72 pp, 
$12.50 | 


This monograph presents practical 
aspects of selected topics related to 
anesthesia for dentistry. The major 
emphasis is on anesthesia for dental 
extractions. The author is a British 
physician anesthesiologist with 20 
years of experience in the delivery of 
general anesthesia in the dental office. 
The text has been directed at dental 
students, “junior anaesthetists," and 
anesthesiologists in practice. 

For American-trained dentists and 
physicians, the first paragraph of the 
first chapter is confusing. The British 
term "clearance" is used and appar- 
ently refers to full-mouth extractions. 
Unfamiliar terminology is only a mi- 
nor problem in the remainder of the 
text. A sensitive discussion of the pa- 
tient-anesthesiologist rapport and the 
importance of a team approach to the 
patient also appears in the first chap- 
ter. In a later chapter, the author dis- 
cusses the combination of hypnosis 
and anesthesia without referring to it 
by that name. The author continues 
on in chapter 1 to describe two prac- 
tices that are controversial in the 
United States: (1) the induction, 
maintenance of, and emergence from 
general anesthesia in the semireclin- 
ing position; and (2) requiring that 
ingestion of food or drink be avoided 
for 4 hours preoperatively rather than 
the more common 6 hours. Contro- 
versial aspects in other chapters in- 
clude lack of mention of the use of 
any blood pressure, airway, or heart 
monitoring equipment; extubation in 
the lateral position; the use of solu- 
tions containing 2.596 methohexital 
rather than the commonly used 1.0%, 
and willingness to provide general an- 
esthesia to a patient with an upper 


respiratory infection if he/she can 
ventilate via a patent nasal passage. 

The chapters on apparatus, relative 
analgesia, and economics are of little 
value to the American reader. In the 
chapter on apparatus the author dis- 
cusses vaporizers and, unfortunately, 
includes models that do not indirectly 
or directly indicate the volume-per- 
cent of the agent delivered. The rela- 
tive analgesia chapter (i.e., sedation 
with a nitrous oxide/oxygen mixture 
with nitrous oxide constituting less 
than 50%) allows one to conclude that 
the author is in disagreement with 
much of world opinion on nitrous 
oxide sedation. Contrary to the au- 
thor’s recommendations, no limita- 
tion of oral intake, or, at most, 2 hours 
of nothing by mouth, is the standard 
practice in the United States. Driving 
limitations after surgery are routinely 
not recommended for patients receiv- 
ing nitrous oxide sedation in the 
United States. It is regrettable that 
intravenous sedation was not dis- 
cussed. The economics chapter de- 
scribes costs in English pounds; it is 
therefore of little value to profession- 
als of other nations. 

In general, the monograph organi- 
zation suffers from needless repeti- 
tion (e.g., patient position) and/or in- 
appropriate location of material (e.g., 
complications and difficulties as a 
subheading in a chapter other than 
the one entitled "Complications and 
Precautions in Dentàl Anaesthesia"). 
The style of the text is easy to read 
and the paper is nonreflecting. 

Although a number of useful 
points are made for the dental anes- 
thesiologist, (e.g., the concept of im- 
mediate dentures), the monograph 
makes acceptance of some practices 
and issues appear to be a consensus 
when, at least in the United States, 
they are controversial. The mono- 
graph would therefore not be recom- 
mended for dental students. Al- 
though the experienced anesthesiol- 
ogist may learn some useful tech- 
niques, this monograph cannot be 
generally recommended on the basis 
of the many questionable procedures 
described. Its value would have been 
greatly increased if the author had 
included a discussion of intravenous 
sedation, more discussion of longer 
anesthetics for restorative dentistry, 
and criteria for release of the patient 
recovering from general anesthesia. 


Larry D. Trapp, DDS, MS ` 
Assistant Professor 
of Anesthesiology 
UCLA Schools of Dentistry 
and Medicine 
Harbor/UCLA Medical Center 
Los Angeles, CA 


EE RS 
Law for the Medical Prac- 
titioner, by C. W. Quimby. 
Ann Arbor, MI, The Univer- 
sity of Michigan, 1979, 
187 pp, $15.00. 


Any physician who desires an in- 
troduction to law and to the way law- 
yers think will enjoy learning from 
doctor-lawyer Quimby's well written 
book. It should be read before a legal 
problem has arisen, for it should help 
to avoid legal entanglements. 

The book is academically oriented 
and offers, as is wise, no advice other 
than to consult an attorney. Based on 
lectures to. third-year medical stu- 
dents, its format is that of a law school 
case book with introductory text, ver- 
batim excerpts from appellate case 
reports, followed occasionally by 
questions to provoke thought or to 
illustrate lacunae or trends. 


The chapters on consent and in- . 


formed consent, confidentiality, med- 
ical records, and agency are especially 
helpful. The chapter on the hospital 
and the physician discusses a physi- 
cian's right to obtain or retain hospital 
privileges and concludes with a 
lengthy presentation of the emerging 
duty of a hospital to monitor the qual- 
ity of care. 

There are, predictably, in this dif- 


ficult field, statements that are argu- ` 


able, or even inconsistent. On page 7, 
“a patient's clinical record is hearsay 
unless the writer of that portion ... is 
... Subject to cross examination," but 
on page 102, "the patient's clinical 
record is accepted into evidence" un- 
der the "Business Records exception 
to the Hearsay Rule." The latter is 
correct. 

A serious question is, "Why this 
book?" Today, in response to the so- 
called medical malpractice crisis, 
there are at least 20 similar books in 
print. 


BOOK REVIEWS 


Valentino D. B. Mazzia, MD, 
_ JD, FCLM 
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. University of Colorado 
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Pe tS Nr ee eae 
The Human Cardiovascu- 
lar System, by J. T. Shep- 
herd and P. M. Vanhoutte. 
New York, Raven Press, 
1979, 351 pp, $14.¢5. 


. As we enter the decade of the 
1980s, both clinical care and esearch 
in anesthesiology demand a firm 
foundation in the principles cf oper- 
ation of the cardiovascular sys em. To 
help accomplish this goal, a zoncise 
basic textbook of cardiovascul.r func- 
tion is required. This need h.s been 
superbly fulfilled by Doctore Shep- 
herd and Vanhoutte. Combining 
more than 50 years in research and 
education these scientists have writ- 
ten a clear, succinct volume that re- 


. ates in the broadest sense, structure 


and function of the circulato-y sys- 
tem. This is more than just "ar other" 
cardiovascular ^ physiology text. 
Rather, the authors lucidly describe 
the interaction between the ~arious 
components of the circulatory system, 
relating anatomy, physiology_ phar- 
macology, and biochemistry. This un- 
dertaking was achieved with logical 
sequence, with clarity of expcsition, 
and without the use of jargon. Begin- 
ning with function and integracion of 
the components of the cardiovascular 
system under normal conditioas, the 
ensuing chapters then  pmogress 
through a discussion of stress, phar- 
macodynamics, and circulatory func- 
tion in common disease states. The 
sections covering local and newrohu- 
moral regulation are well wortk read- 
ing and savoring by themselves. In 
the concluding chapters, the tech- 
niques of measurment emplo-ed in 
assessing cardiovascular function are 
reviewed. 

The authors' background in medi- 
cal education is quite evident. =xten- 
sive use is made of original ilustra- 
tions. These diagrams and flow -harts 
augment rather than repeat th- text. 
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At the end of each chapter is a bibli- 
ography which is by no means in- 
tended to be encyclopedic. This sam- 
pling of the available literature pro- 
vides the inquisitive reader with key 
references for further study. 

At $14.95 (paperbound) the book 
is an outstanding buy for both the 
resident and staff anesthesiologist. 


Paul G. Barash, MD 
Associate Professor 
of Anesthesiology 
Director, Surgical Intensive 
Care Unit 
Yale University School 
of Medicine 
New Haven, CT 


TEE ECTS 
BOOK NOTE 


Local Anesthetics: Mech- 
anisms of Action and Clin- 
ical Use, by B. G. Covino 
and H. G. Vassallo. New 
York, Grune & Stratton, 
Inc, 1976, 173 pp, 
$19.50. 


This readily hand-held volume 
concisely presents information essen- 
tial to the understanding of the mech- 
anism of action and clinical applica- 
tion of local anesthetics. Although 
less than encyclopedic, it includes a 
generous bibliography of 35 refer- 
ences which are cited throughout the 
text. The book is one of a series of 
monographs entitled The Scientific 
Basis of Clinical Anesthesia. 


BOOKS RECEIVED 
ENTERS 


The Pharmacology of Respiratory Care, 
by B. E. Lehnert and E. N. Schachter, St. 
Louis, The CV Mosby Co, 1980, 336 pp, 
$13.95. 
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Nicholas M. Greene, M.D. 
Editor in Chief 
Anesthesia and Analgesia 
Yale University School of Medicine 
333 Cedar Street 
New Haven, Connecticut 06510 


Editorial Policies 


Manuscripts are accepted for consideration with the understand- 
ing that the material they present, including tables, figures, and 
data therein, has not been previously published and is not presently 
under consideration for publication elsewhere. Authors will be 
asked to transfer copyright of articles accepted for publication to 
the International Anesthesia Research Society. 

Types of materials. The Journal publishes original articles, clin- 
ical reports, review articles, and letters to the editor. Original 
articles describe in 3000 words or less clinical or laboratory inves- 
tigations. Clinical reports describe in 1000 words or less either (a) 
new and instructive case reports, or (b) anesthetic techniques or 
equipment of demonstrable originality, usefulness, and safety. 
Keview articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material for the establishment of new con- 
cepts. Letters to the editor, less than 300 words in length, include 
brief constructive comments concerning previously published ar- 
ticles or brief notations of general interest. Preliminary or incom- 
plete reports are not accepted, nor are manuscripts containing 
fragments of material better incorporated into a single paper. 

Peer review. All papers are reviewed by three or more referees. 
Acceptance is based upon significance, originality, and validity of 
the material presented. Every effort will be made to advise authors 
within 4 weeks whether papers are accepted, rejected, or need 
revision prior to further consideration for possible publication. 

Legal and ethical considerations. Information or illustrations 
must not permit identification of patients. Reports describing data 
obtained from experiments performed in humans must contain a 
statement in the Methods that institutional approval of the inves- 
tigation and informed consent were obtained. Reports describing 
data obtained from experiments performed in animals must clearly 
indicate that humane standards equal to those described by the 
American Physiological Society were employed. 

Illustrations and other materials taken from other sources must 
be properly credited and assurance provided that permission for 
reproduction has been obtained from the copyright owner and 
author. 

Editing. All papers will be edited for clarity, style, factual accu- 
racy, internal logic, and grammar. Papers extensively copy edited 
will be returned to the author(s) for retyping. Editing will include 
the addition, following the Abstract, of key words for indexing 
purposes. 


Manuscripts 


Manuscripts must be prepared and submitted in the manner 
described in "Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals" as described in Annals of Internal Medicine 
1979; 90: 95-9, and Lancet 1979; 1: 428-30. 

Type manuscripts on white bond paper, 20.3 by 26.7 cm or 21.6 
by 27.9 cm (8 by 10} in or 8} by 11 in) or ISO A4 (212 by 297 mm) 
with margins of at least 2.5 cm (1 in). Use double spacing through- 
out, including title page, abstract, text, acknowledgments, refer- 
ences, tables, and legends for illustrations. 

Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 


(each table, complete with title and footnotes, on a separate page), 
and legends. Number pages consecutively, beginning with the title 
page. Type the page number in the upper right-hand corner of each 
page. 

Illustrations must be good quality, unmounted glossy prints, 
usually 12.7 by 17.3 cm (5 by 7 in), but no larger than 20.3 by 25.4 
cm (8 by 10 in). 

Submit three copies of manuscript and figures in heavy-paper 
envelope. Submitted manuscript should be accompanied by cov- 
ering letter, and permissions to reproduce previously published 
materials or to use illustrations that may identify subjects. 

Authors should keep copies of everything submitted. 

Title Page. The title page should contain [1] the title of the 
article, which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters and 
spaces) placed at the foot of the title page and identified; [3] first 
name, middle initial, and last name of each author, with highest 
academic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence about 
the manuscript; [7] name and address of author to whom requests 
for reprints should be addressed, or statement that reprints will not 
be available from the author; (8] the source(s) of support in the 
form of grants, equipment, drugs, or all of these. 

Abstract and Key Words. The second page should carry an 
abstract of not more than 150 words. The abstract should state the 
purposes of the study or investigation, basic procedures (study 
subjects or experimental animals and observational and analytic 
methods), main findings (give specific data and their statistical 
significance, if possible), and the principal conclusions. Emphasize 
new and important aspects of the study or observations. Define all 
abbreviations except those approved by the International System 
of Units. 

Key (indexing) terms. Below the abstract, provide and identify as 
such, three to 10 key words or short phrases that will assist indexers 
in cross-indexing your article and that may be published with the 
abstract. 

Text. The text of observational and experimental articles is 
usually—but not necessarily— divided into sections with the head- 
ings Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Case reports and 
reviews do not require the above sections. 

Introduction. Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly perti- 
nent references, and do not review the subject extensively. 

Methods. Describe your selection of the observational or exper- 
imental subjects (patients or experimental animals, including con- 
trols) clearly. Identify the methods, apparatus (manufacturer's 
name and address in parentheses), and procedures in sufficient 
detail to allow other workers to reproduce the results. Give refer- 
ences to established methods, including statistical methods; provide 
references and brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. 

When reporting experiments on human subjects, indicate 
whether the procedures followed were in accord with the ethical 
standards of the Committee on Human Experimentation of the 
institution in which the experiments were done or in accord with 
the Helsinki Declaration of 1975. When reporting experiments on 
animal subjects, indicate whether the institution's or the National 
Research Council's guide for the care and use of laboratory animals 
was followed. Identify precisely all drugs and chemicals used, 
including generic name(s), dosage(s), and route(s) of administration, 
Do not usé patients’ names, initials, or hospital numbers. 


Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suitably 
presented in the form of one or more appendixes. 

Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

Discussion. Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the study but avoid unqualified statements and conclu- 
sions not completely supported by your data, Avoid claiming 
priority and alluding to work that has not been completed. 5tate 
new hypotheses when warranted, but clearly label them as such. 
Recommendations, when appropriate, may be included. 

References. (The following style will appear in the journal 
effective volume 60, January 1981.) Number references consecu- 
tively in the order in which they are first mentioned in the text. 
Identify references in text, tables, and legends by arabic numerals 
(in parentheses). References cited only in tables or in legends to 
figures should be numbered in accordance with a sequence estab- 
lished by the first identification in the text of the particular table or 
illustration. 

Use the form of references adopted by the U.S. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
style used in [ndex Medicus. Consult the "List of Journals Indexed," 
printed annually in the January issue of Index Medicus. 

Avoid abstracts as references; "unpublished observations" and 
"personal communications" may not be used as references, al- 
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manuscripts accepted but not yet published; designate the journal 
followed by "in press" (in parentheses). Information from manu- 
scripts submitted but not yet accepted should be cited in the text 
as "unpublished observations" (in parentheses). 

References must be verified by the author(s) against the original 
documents. 
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1. Standard Journal Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 


Soter NA, Wasserman SI, Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold challenge. N Engl J Med 1976;294:687-90. 

2. Corporate Author 


The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determination of gamma-glutamyltransferase in blood. Scand J Clin Lab 
Invest 1976;36:119-25. 


Anonymous. Epidemiology for primary health care. Int ] Epidemiol 
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3. Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 

4. Corporate Author 
American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. ` 

5. Editor, Compiler, Chairman as Author 
Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 

6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 


ganisris. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 
Naticnal Center for Health Statistics. Acute conditions: incidence and 
assocated disability, United States July 1968-June 1969. Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital and health statistics. 
Series 10: Data from the National Health Survey, no. 69) (DHEW 
publixation no. (H5M)72-1036). 


Tables. Type each table on a separate sheet; remember to double 
space. Dc not submit tables as photographs. Number tables con- 
secutively and supply a brief title for each. Give each column a 
short or a-breviated heading. Place explanatory matter in footnotes, 
rot in the heading. Explain in footnotes all nonstandard abbrevia- 
t:ons that.are used ín each table. For footnotes, use the following 
symbols r^ this sequence: *, T, F, § |, T # **, tt... . Identify 
statistical measures of variation such as SD and SEM. 

Omit irternal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you tse data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The ed.tor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be puklished may be deposited with the National Auxiliary 
Publicatio s Service or made available by the author(s). In that 
event, an .ppropriate statement will be added to the text. Submit 
such table-for consideration with the manuscript. 

Hlustra&ons. Submit three complete sets of figures. Figures 
should be. professionally drawn and photographed; freehand or 
typewrittea lettering is unacceptable. Instead of original drawings, 
roentgenozrams, and other material, send sharp, glossy black-and- 
white pho-ographic prints, usually 12.7 by 17.3 cm (5 by 7 in} but 
no larger than 20.3 by 25.4 cm' (8 by 10 in). Letters, numbers, and 
symbols skould be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and Zetailed explanations belong in the legends for illustra- 
tions, not «n the illustrations themselves. 

Each figare should have a label pasted on its back indicating the 
number ofthe figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
figures, 

Photomi-rographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
w:th backg-ound. 

If photozraphs of persons are used, either the subjects must not 
be identifizble or their pictures must be accompanied by written 
permission-to use the photograph. 

Cite eacL figure in the text in consecutive order. If a figure has 
been publizhed, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission-is required, regardless of authorship or publisher, ex- 
cept for dozuments in the public domain. 

For illusrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to ndicate the region to be reproduced; in addition, send 
two positiv- color prints to assist editors in making recommenda- 
tions. Some journals publish illustrations in color only if the author 
pays for the extra cost. 

Legends For Illustrations. Type legends for illustrations double 
spaced, stading on a separate page with arabic numerals corre- 
sponding tc the illustrations. When symbols, arrows, numbers, or 
let-ers are t sed to identify parts of the illustrations, identify and 
explain eaca one clearly in the legend. Explain internal scale and 
identify mehod of staining in photomicrographs. 

Abbreviations. Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, lengtn, time, temperature, electric current, and luminous 
intensity. D5 not synthesize new or unusual abbreviations. When 
many abbreviations are used, include all in a box of definitions at 
the start of he article. 


JEM 7400 Guide Speeds | 
Endotracheal Tube coming up next. ....... 
Changes ~ 
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} LA.R.S. - 55th Congress 


Endotracheal tube changing is greatly simplified 
through the use of the JEM #400 Guide Tube. Once re- 
placement tube cuff is deflated and lubricated, adaptor 
from patient’s existing tube is removed and Guide is in- PEACHTREE PLAZA HOTEL 
serted through the E.T. lumen to the Guide ring. This 
aligns Guide tip with distal bevel of endotracheal tube. 
While position of Guide is stabilized, tube cuff is de- 
flated and existing tube is removed. Replacement tube 
is then passed over the JEM #400 Guide until its prox- 1 
imal end is at Guide ring. Guide is then removed, endo- 
‘tracheal tube is reattached to adaptor, and cuff is in- 
tlated. Supplemental 02, if needed, may be supplied 
through Guide lumen, although a procedure requires ATLANTA. GEORGIA 
only 30-120 seconds. Smooth, highly polished ends of ’ 
Guide minimize risk of tracheal mucosal damage. Write 
for additional information. 


INSTRUMENTATION March 8-12, 1981 
a INDUSTRIES Svc. 


1211 Streets Run Road, Pittsburgh, PA 15236 
412 ! B82-7711 or 884-5161 . 


PHILLIPS 


LARYNGOSCOPE BLADES, 
Now Two Sizes 
Adult and Pediatric 


The Phillips Blade by North American Drager combines into one blade NN 
many features of the Jackson-Eversole Blade and the Miller Blade. The light of the NX» 
Phillips Blade is on the left side to afford excellent visualization of the Larynx and Ñ > 
allows room for passing a tube along the blade for. difficult intubations. : 











The Adult Blade has been found 
adequate for the largest adults en- 
countered; the small tip, in addition 
makes it adaptable for use in children as 
small as 2 or 3 years of age. The 
Pediatric Blade is a replica of the Adult 
Blade that has been reduced in all 
aspects of shape and size, including 
thickness of the metal. It can be used in 


NORTH AMERICAN DRAGER patients from newborn to about 4 years 
148B QUARRY ROAD, TELFORD, PA 18969 of age. 
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Intermittent Mandatory Ventilation 


Continuous-flow voluntary ventilation, with inter- 
mittent forced breaths, is an alternative to assisted or 
controlled respiration. it has been found especially 
valuable for infants and for use in “weaning” adults as 
they improve. 


Air fully humidified (and usually enriched with 
oxygen) flows continuously to a reservoir bag, and is 
available for unobstructed inspiration by the patient. 
A slight expiratory back-pressure (PEEP) may be 
added, to keep the lungs expanded. At intervals the 
ventilator delivers a “mandatory” breath, which sup- 
plements the patient's own breathing activity and 
increases minute volume. The machine does not 
have to “take over”. The patient maintains his own 
homeostasis, without interference from drugs or 
hyperventilation.’ 


At first the ventilator is generally set to supply man- 
datory breaths at a normal controlled rate. This con- 
trolled respiration is then gradually changed, by 
lengthening the interval between breaths (a second 
or two at a time) as the patient's condition improves. 
Eventualiy mandatory breaths are spaced so far apart 
that the patient scarcely relies on them at all — and ' mR Luis tS = 
“weaning” is completed.’ ES a Prag Aw f ^ BECO 


VERSUS ASSIST 


Triggering an assistor has often been a problem, particulari for infants, since their rates are rapid 
and their inspiratory impulses are slight. If synchronization is Ess than perfect, the patient inhales (at 
least part of the time) with no fresh gas available. Under suc circumstances, blood levels of CO: 
rise, as noted by Kirby and associates.' 


VERSUS CONTROL 


For apneic patients, control is obviously needed. But to take over, when a patient is breathing 
spontaneously, drugs have to be used or the patient has to benyperventilated. Either procedure has 
drawbacks. Paralytic or sedative agents may obscure signs ot neurological or metabloic disorders. 
Lowered muscle tone may impair venous reiurn, and hence ca-diac output. The effects of such drugs 
are particularly hard to predict in infants. 





Hyperventilation (often used to suppress spontaneous breathing efforts) has drawbacks, too. The 
resultant alkalosis reduces cerebral blood flow. Blood levels cf calcium and magnesium are altered. 
Airway resistance increases and pulmonary compliance decreases with hypocarbia.? Finally, there is 
evidence of a shift in the carbon dioxide response curve, waich makes weaning more difficult. 


All of these pit-falls can be avoided by using continuous-Jow IMV. 


Please request Form 3-M". 


J. H. EMERSON COMPANY 


CAMBRIDGE, MASSACHUSETTS 02140 
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SINGLE ISSUES PRIOR TO 1954: Write to publisher at address below for listing of issues available at $2.00 each. 


BOUND VOLUMES AVAILABLE: $8.00—-For Years 1947, 1948, 1949; $10.00—For Years 1953, 1955 


OTHER PUBLICATIONS AVAILABLE: 


“Basic and Clinical Physiology of the Liver" (Supplement to Sept.-Oct. 1965 issue)— $3.00. 
Ten-Year (1960-1969) Cumulative Index— $3.00. 
Ten-Year (1970-1979) Cumulative index—$3.00. 


1979 (53rd Congress) Review Course Lectures-— $5.00. 
1980 (54th Congress) Review Course Lectures & Abstracts— $5.00. 





International Anesthesia Research Society 


3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Please send me the publications circled above, or listed hereunder: 


O Check for $ 





enclosed. 


CJ Please send bill with understanding that ordered material will be sent when payment is received. 
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Address 
City, State, Zip 
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BLOCKADE * 
IN CUAICAL 


ANESTHESIA 
AND MANAGEMENT oe PAIN 


Edited by MICHAEL J. COUSINS, M B., B.S., M.D. 
and PHILLIP O. BRIDENBAUGH, M.D. 
39 Contributors. 


Explore with experts all the safe and effective uses of neural blockade. 





Packed with superb 
illustrations — including 

ip LIEN photographs, clear line drawings 
Ws f E (many with overlays), 


For the first time a single-source volume gives 
you encyclopedic coverage of every aspect of 
nerve blockade and the diverse medical, settings 
in which it is now being applied, safely and Lm. 
effectively. A complete text on the "why", IE 
“how”, and “‘what-it-does’’ of neural blockade, ee graphs—which illuminate the text. 
including all recent advances in local anesthesia. E V ^24 About 750 Pages / 


Covers the full range of benefits of neural - C About 700 Illustrations, 40 in 
blockade—its application for relief of pain during «c =) Color | Tables / 1980 / 
surgery; postoperative, post-traumatic, and HUM ESE) 65.05812 / $95.00 

obstetric pain management; its use in chronic NEE ARE: 


photomicrographs, charts and 


LA 


pain diagnosis and management. Spells out its r=" ES amt a a A MN NEN 
use in general practice and subspecialties. J. 3. Lippincott Company, 
International in scope, this book apprises you of l Eest Washington Square 


the best in techniques and clinical expertise P.9. Box 1430, Philadelphia, PA 19105 
a Bae: in anada: J. B. Lippincott Company of Canada Ltd. 


Each of the authors is a recognized world 75 -orner Avenue, Toronto, Ontario MBZ 4X7 


authority in his own special field. All have played Please send me for 30 days’ FREE EXAMINATION 

a major part (and many a unique part) in the 1... copy(ies) of Neural Blockade in Clinical Anesthesia 
dramatic developments in the field of local. and Management.of Palm, eee 00 each (959816. 
anesthesia. | Name 

Broad in coverage, this book ranges from Adress 

anatomical considerations and the physiology, Ci&/State/Zip 

pharmacology and toxicology of local analgesic (1 Payment enclosed* (save postage & handling) 


agents used to accomplish neural blockade. O Mentr haiga LEE ET 
Discusses complications, alternative techniques, a 


agents to detailed descriptions of techniques and LJ Charge & bill me (plus postage & handling) 
| zxpiration Date 
and their advantages and disadvantages in each | “Tra law requires that we collect state sales taxes where applicable. 


C lin ical situation. PI ase include the prescribed amount with your payment. 


Proves subject to change without notice. 


Lippincott Al-o —€— at your medical bookstore. 104-80 i 





DIRECTOR 
Dept. of Anaesthesiology 


Beth Israel Medical Center in New York City seeks 
a highly qualified full time Director of its Depart- 
ment of Anaesthesiology. RESPONSIBILITIES will 
include all aspects of the Department's adminis- 
tration, as well as post-graduate and undergrad- 
uate medical education. 


Beth Israel Medical Center is a 1,000-bed affiliate 
of the Mt. Sinai School of Medicine. The Center 
has just completed a major renovation program, 
including complete modernization and expansion 
of its Operating Room facilities. Candidates must 
qualify for appointment as Professor to the Faculty 
of the Mt. Sinai School of Medicine. 


Please send curriculum vitae in confidence 
to Robert Newman, MD, General Director 


| à 

Bang BETH ISRAEL 
MEDICAL CENTER 

10 Nathan D. Perlman Place, New York. N.Y. 10003 


(E. 17th St. between 1st & 2nd Avenues) 
an equal opportunity employer mit 


I. A.R.S. 1980 
REVIEW COURSE 
LECTURES AND 
ABSTRACTS OF 

SCIENTIFIC PAPERS 


Booklet containing 16 Review 
Course Lectures and Abstracts 
of 62 scientific papers given at 
the I.A.R.S. 54th Congress in 
March 1980 is available from 
LA.R.S. Cleveland business 
office at $5.00 per copy. 
Supply is.limited and orders 
will be filled on basis of 
receipt date of order. Make 
checks payable to 
International Anesthesia 
Research Society and send 
with order. 


Immediate openings for board eligible or cer- 
tified Anesthesiologists to join this large met- 
ropolitan area hospital with approved resi- 
dency program. Duties include supervision of 
residents, nurse anesthetists, and personal ad- 
ministration of anesthesia. Competitive salary 
and excellent fringe benefits. 


Send curriculum Vitae to or call: 


Dr. G. K. S. Chowdary 
Acting chairman, 
Department of Anesthesiology 


y COOK COUNTY 
HOSPITAL 


1825 W. Harrison St., Chicago, Illinois 60612 


312-633-6167 
An Equal Opportunity Em ployer M/F/H 





19^ ANNUAL 
CLINICAL CONFERENCE 
IN 
PEDIATRIC ANESTHESIOLOGY 


JANUARY 23-25, 1981 


To be held at the: 
Los Angeles Marriott Hotel 


For information write to: 


Wayne Herbert, M.D. 

Division of Anesthesiology 
Childrens Hospital of Los Angeles 
P.O. Box 54700 

Los Angeles, CA 90054 
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- Publisher of ANESTHESIA and ANALGESIA 


3645 Warrensville Center Road, Cleveland, Ohio 44122, U.S.A. 


LA.R.S. EDUCATIONAL MEMBERSHIP _ CN 


SPOHSORING ORGANIZATION: The International Anesthesia Research Society is a non-profit, scientific and 
educational corporation of the State of Ohio. It serves the Specialty in two ways: (1) By publication of a monthly 
. journal entitled "Anesthesia and Analgesia"'; and (2) By sponsorship of an annual scientific ("Congress ') meeting 


“= in March of each year. The I. A.R.S. is independent of, and has no affiliation or membership-exchange arrangement 


with any other anesthesia society or association: . 


PURPOSE OF EDUCATIONAL MEMBERSHIP: To financially assist students in anesthesiology or anesthesia- 
related training programs by making available to them, during the effective term of their Educational Membership: 


(1) A one-half price subscription to "Anesthesia and Analgesia” and 
(2) Complimentary registration at the annual scientific meeting. 


WHO IS ELIGIBLE FOR EDUCATIONAL MEMBERSHIP: 


| Residents and Fellows (Interns) enrolled in training programs in- the medical, osteopathic or dental 
professions; 


I| Nurses with a diploma or degree in nursing Who are enrolled in nurse anesthesia schools; . 


Ili Students enrolled in programs leading to certification as Physician Assistants in Anesthesia/ Anesthesiologist 
Assistants/Physician Associates in Anesthesiology; and E 


Students enrolled in programs leading to certification as Respiratory Therapists or Technicians. 


MEMBERSHIP TERMS AND COSTS: There are two membership periods available. The applicable member- 
snip dues must be paid in full with the application (i.e., annual payments of $15 will not be accepted.) 


Two-Year Term—$30.00: Individuals applying for this period should have at least 18 months remaining in 
their training program at the time of application: 


Thre2-Year Term—$45.00: Individuals applying for this pote should have at least 30 months remaining in 
their training program at the time of application. - 


Note: The Educational Membership term should not extend more than six months following the ending of the 
training program covered. To that end, I.A.R.S. may, at its option, enter memberships retroactively to 
conform. In such instances, back issues of the Journal will be sent so that all 2-year memberships include 
24 Journals, and all 3-year memberships include 36 Journals. 


CANCELLATION OF MEMBERSHIP: Educational Membership can be cancelled upon written request to the 
IARS, and return of membership card, if the member is no longer enrolled in the training program. Pro-rated 
refunds will be made at the discretion of the I.A.R.S. 


CONTINUATION OF MEMBERSHIP: After completion of the Educational TE period, and upon pay- 
` ment of membership dues then in effect, individuals in Category | will be automatically continued as Members; 
and individuals in Categories II and Ill will be automatically continued as Associate Members of the I.A.R.S. 


APPLICATION FORMS: The official application form (or facsimile thereof) must be used in applying for this 


membership, and payment must be submitted with the application. Application forms are available from the 
Cleveland hiisiness office. acidrass above 


WEST VIRGINIA UNIVERSITY— 


One new faculty position available in 
Clinical Anesthesiology {at Assistant or 
Associate Professor level) in 20 member, 
all physician department. Extremely com- 
petitive salary and benefits, nonclinical 
time, and well equipped Anesthesiology 
Research Laboratory. Positions for resi- 
dency program highly sought after, result- 
ing in an outstanding group of housestaff 
drawn from a wide distribution of Amer- 
ican medical colleges. Medical Center lo- 
cated in university town in lovely area of 
mountains, lakes and parks. Contact Rich- 
ard B. Knapp, M.D., Department of Anes- 
thesiology, West Virginia University Med- 
ical Center (204-293-5411). Deadline for 
applications is 10/1/80. West Virginia 
University is an Equal Opportunity Em- 
ployer. 


WEST VIRGINIA UNIVERSITY 


Faculty position available immediately as 
Director of Neuro-Anesthesiology. 16-bed 
multi-disciplined intensive care unit with 
large trauma service. Opportunity to ini- 
tiate and/or participate in research in both 
neuro-surgery and anesthesiology re- 
search laboratories. Contact Richard B. 
Knapp, M.D., Department of Anesthesiol- 
ogy, West Virginia University Medical 
Center (304-293-5411). Deadline for ap- 
plication is 10-1-80. West Virginia Univer- 
sity is an Equal Opportunity Employer. 


PEDIATRIC ANESTHESIOLOGY RESI- 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the seconc and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B, Lewis, Jr, MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 


classified 
ADVERTISING 


ANESTHESIOLOGIST — 


With experience plus recent training. Will 
set up and direct a modern and responsive 
anesthesia service. Anesth. train. Univ. 
VA. 1960's. Seventeen years anesth. prac- 
tice. Now doing PGY 4 Anes. Residency. 
Board elig. Age 56. Lic.: VA., N. Y. ILL., 
OH., TEX., AZ, CAL., D.C. Will set up 
profess. corp. {fee for service) and hire 
personnel. Avail. late 1980 or early 1981. 
Reply to Box 7-80-C, c/o IARS. 


NEW YORK— 


Board certified Anesthesiologist wanted 
for directorship of the department in a 
300-bed Community Hospital. Corporate 
practice. Must have experience in Respi- 
ratory Therapy, ICU care and administra- 
tion. Send CV with first letter to Box 7-80- 
E, c/o [ARS. 


RCAC AA I M RU STEEP S 
MARYLAND-— 


Opening for staff anesthesiologist. Mini- 
mal requirements are: 3 years residency 
training, experience in intensive care, neu- 
rosurgical, thoracic, obstetric and pediatric 
anesthesia, board eligibility in Maryland, 
teaching interest. Clinical research interest 
desirable. Competitive stipend, outstand- 
ing fringe benefits. Full-time faculty ap- 
pointment at The Johns Hopkins Univer- 
sity School of Medicine. Send curriculum 
vitae to: T. Crawford McAslan, M.D,, 
Chairman, Department of Anesthesiology, 
Baltimore City Hospitals, 4940 Eastern Av- 
enue, Baltimore, Maryland 21224. 


Immediate opening for Director of Anes- 
thesiology and staff Anesthesiologist in 
medium-size general hospital in pleasant 
southern New England setting. Must be 
Board certified or within examination sys- 
tem. Approximately 5,000 general surgical 
procedures per year. Salary open, plus 
substantial hospital paid fringe benefit 
program. Submit curriculum vitae to Di- 
rector of Personnel, William W. Backus 
Hospital, 326 Washington St., Norwich, 
CT 06360. 


FAIS 


PENNSYLVANIA— 


Board certified or eligible recent trainee. 
Join 3 Anesthesiologists and 10 CRNA in 
250-bed community hospital. Suburban 
Philadelphia. Opportunity for Critical 
Care. Competitive salary and benefits. 
Send C-V to Box 8-80-A, % IARS. 


ANESTHESIOLOGIST(S) 


Board certified, with 15 years of extensive 
clinical experience, looking for positions 
in Chicago or Chicago Metropolitan Area. 
Prefers fee for service. Available on 15-30 
days notice. CV on request. Reply to Box 
#8-80-B, c/o IARS. 


I TG m UN ER ES 
ILLINOIS 


Anesthesiologist wanted to join private 
group of MD's and CRNA's in 390 bed 
community hospital with all specialties ex- 
cept open heart. Send curriculum vitae to: 


Box 9-80-A % IARS. 


ANESTHESIOLOGIST 


31, Board eligible, National Boards, expe- 
rienced general, regional, pain clinic, med- 
ical school teaching, and private practice. 
Seeks work in warm U.S. or foreign coun- 
try. Speaks English only. Reply to Box 9- 
80-B, % IARS. 


Unexpected opening is available for anes- 
thesiologists with interests in critical care 
and/or laboratory research in an academic 
anesthesia department. Texas Tech Uni- 
versity Health Sciences Center campuses 
are located in the Sunbelt. This is an ex- 
citing new department with excellent fa- 
cilities for clinical work and research. Can- 
didates should be Board certified, eligible 
for licensure in the state of Texas, have 
experience in research and teaching. Ap- 
ply to Dr. Gabor Racz, Professor and 
Chairman, Department of Anesthesiology, 
Texas Tech University Health Sciences 
Center, 3601 4th Street, Lubbock, Texas 
79430. An equal opportunity employer. 


A. 


The University of Alabama in Birming- 
ham (UAB) School of Medicine Depart- 
ment of Anesthesia has two positions in 
laboratory research. Research opportuni- 
ties exist in active programs of cardiovas- 
cular pharmacology and physiology. For 
foreign medical graduates, VQE/ECFMG 
is desirable but not necessary. The salary 
is commensurate with level of training and 
experience. Send letters of inquiry and 
curriculum vitae to: J. G. Reeves, M.D., 
Department of Anesthesiology, UAB 
Medical Center, Birmingham, Alabama 
35294. UAB is an Affirmative Action/ 
Equal Opportunity employer. 


ANESTHESIOLOGIST NEEDED— 


Position available for board qualified or 
certified anesthesiologist. P.A. includes 
physician anesthesiologist and C.R.N.A. 
All types of anesthesia are provided except 
for O.B. and open heart in 270 bed hospital 
located in Miami, Florida. Salary plus ben- 
efits including pension plan and liability 
insurance. Reply to Dr. Oscar R. Gonzalez, 
836 Ponce de Leon Blvd., Suite 335, Coral 
Gables, Florida 33134. 


classified 
ADVERTISING 


ANESTHESIOLOGIST 


(Certified) for progressive community 
hospital in rapidly growing Finger Lakes 
area. Excellent opportunity - close to Uni- 
versity of Rochester. Fee for service. Send 
resume to: Anthony Kaguso, Administra- 


tor, F. F. Thompson Hospital, 350 Parrish. 


Street, Canandaigua, Mew York 14424. 


PENNSYLVANIA: 


Fellowship in Ob-Gyn Anesthesia at the 
University Health Center of Pittsburgh. 
Designed to develop anesthesiology staff 
for maternity hospitals. Emphasis on con- 
duction anesthesia techniques. In-depth 
training, clinical and teaching experience 
with investigative oppcrtunities and main- 
tenance of general anesthesia skills in 
gynecology, general surgery and dental 
surgery. Credited by the University of 
Pittsburgh, an equal opportunity/affirma- 
tive action employer. Pennsylvania license 
required. Áppointmen: for six months or 
one year. Contact R. McKenzie, MD, 
FFARCS (Eng), Director of Anesthesia, 
Magee-Womens Hosp.tal, Pittsburgh, PA 
15213. 


ANESTHESIOLOGY: 


Young, aggressive anesthesiology group 
seeking Board certified or Board eligible 
anesthesiologist for full time practice in 
expanding rural hospital in Northern Cal- 
ifornia. Group provides complete anesthe- 
siology services except open heart and 
Obstetrics tc very modern 122 bed hospi- 
tal. Well equipped and staffed OR, recov- 
ery room, day surgery unit and ICU/CCU. 
Excellent opportunity to join growing part- 
nership. Please contact Judy Neal, Med- 
America, 440 Grand Avenue, Suite 500, 
Oakland, CA 94610 (415) 832-6400. 


Rates for classified advertising: $3.00 
per line, minimum 5 lines; box number 
ads $3.50 per line. Classified display rates 
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Remove the Block Yourself 
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REGONO 








oyridostigmine bromide 


Regonol rapidly restores full neuromuscular transmission. 


bradycardia than neostigmine. 


Brief Summary (Please consult full package insert, enclosed in every 
package, before using Regonol). 


INDICATIONS—Regonol (pyridostigmine bromide) is useful as a reversal 
agent or antagonist to nondepolarizing muscle relaxants. 


CONTRAINDICATIONS—Known hypersensitivity to anticholinesterase 
agents; intestinal and urinary obstructions of mechanical type. 


WARNINGS—Use with particular caution in patients with bronchial asthma or 
cardiac dysrhythmias. Transient bradycardia may occur and be relieved by 
atropine sulfate. Atropine should also be used with caution in patients with 
cardiac dysrhythmias. Because of the possibility of hypersensitivity in an 
occasional patient, atropine and antishock medication should always be 
readily available. 


Usage in Pregnancy—The safety of pyridostigmine bromide during preg- 
nancy or lactation in humans has not been established. Therefore its use in 
women who are pregnant requires weighing the drug's potential benefits 
against its possible hazards to mother and child. 


ADVERSE REACTIONS-Side effects are most commonly related to over- 
dosage and generally are of two varieties, muscarinic and nicotinic. Among 
the former group are nausea, vomiting, diarrhea, abdominal cramps, 
increased peristalsis, increased salivation, increased bronchial secretions. 
miosis and diaphoresis. Nicotinic side effects are comprised chiefly of muscle 
cramps, fasciculation and weakness. Muscarinic side effects can usually be 
counteracted by atropine. As with any compound containing the bromide 


It produces fewer oropharyngeal secretions and less 





radical a skin rash may be seen in an occasional patient. Such reactions 
usually subside promptly upon discontinuance of the medication. Throm- 
bophleoitis has been reported subsequent to intravenous administration. 


DOSAGE AND ADMINISTRATION—Prior or simultaneous administration of 
atropir2 sulfate (0.6 to 1.2 mg; IV) is recommended to minimize the side 
effects excessive secretions, bradycardia). Usually 10 or 20 mg of pyridos- 
tigmine bromide will be sufficient for antagonism of the effects of the 
nondepolarizing muscle relaxants. Although full recovery may occur within 
15 minutes in most patients, others may require a half hour or more. 
Satisfactory reversal can be evident by adequate voluntary respiration, 
respiraeory measurements and use of a peripheral nerve stimulator device. It 
is reccmmended that the patient be well ventilated and a patent airway 
mainta ned until complete recovery of normal respiration is assured. Once 
satisfactory reversal has been attained, recurarization has not been reported. 

Failure of pyridostigmine bromide to provide prompt (within 30 minutes) 
reverse. may occur, e.g. in the presence of extreme debilitation, carcinoma- 
tosis, ar with concomitant use of certain broad spectrum antibiotics or 
anesthetic agents, notably ether. 


CAUTION-—Federal law prohibits dispensing without a prescription. 


HOW SJPPLIED—Regonol is available in: 2 ml ampuls—5 mg/ml boxes of 10. 
NDC = 0052-0460-10 

Organon Pharmaceuticals 

A Division of Organon Inc. 

West Orange, N.J. O7052 


A PART CŒ /"Xzona INC 


2-Way is the one. 


The new American 2-Way features 
a non-wettable filter media which 
shows no significant increase in 
resistance—even under conditions 
of 100% relative humidity. 

And, with just 45cc dead space, it 
can be used at the patient side of the 
circuit for effective inspiratory and 
expiratory gas filtration. 


Or, this lightweight, compact filter 
can be safely and conveniently used 
at the machine side of your anesthesia 
circuit. 

It provides 99%+ viral/bactenal 
efficiency. Independent studies (avail- 
able upon request) show that 2-Way is 
over 99% effective in filtering aerosols 
of bacteria and viruses. 

It gives dual filtration protection. A 
double-layered design gives a double 
margin of patient safety. And since 
we use a unique polymer filter media, 
there’s no danger of particle migra- 
tion into the lungs. 


Plus, each filter is 100% leak tested. 

The American 2-Way. It’s the only 
one small enough to do twice the job 
of any other anesthesia filter. 

For more information, just contact 
your American Pharmaseal or 
American Hospital Supply Division 
representative. 


TTE American Hospital Supply Division 
e:; 1450 Waukegan Rd. 


McGaw Park, IL 60024 


The one hydrophobic 
anesthesia filter small enough 
for patient or machine. 
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Aneasy touch. 


We looked at every flush device 
available, then designed ours so it 
would be very easy to use. 

For example, starting the 
fast flush mechanism takes just 
a simple, one-handed squeeze — 
even when hands are wet. 

It's easy to get to because 
it’s separate from the main mon- 
itoring line. 

The flow rate is easily 
controlled too, with a flow fast 
enough to fill the lines rapidly — 
yet slow enough to minimize 
turbulence in the drip chamber. 

As for problems with 
air bubbles...there’s less chance 
of air being trapped in the line. 
The clarity of the material lets 
you quickly spot any bubbles. 
And they’re easy to clear from 
the system. 


And it's safe. 


We did the same thing with safety 
features. Checked everything 
available, then built in more. 

Our safety starts with 
strong, secure connections. 

A limited fast flush rate 
minimizes the possibility of 
excess fluid administration, as 
well as the formation of micro 
air bubbles. 

A full-ring Luer-lock 
design guards against accidental 
disconnection. 

And a 10 micron filter 
is included to provide additional 
filtration. 

There's also a guard that 
protects against the possibility of 
accidental fast flush. And a spe- 
cially-designed fast flush actuator 
for simple, one-handed operation. 

Also, our flush device 
acts as a pressure relief valve to 
protect the transducer. 


To be sure there's no 
mistake, we provide a color- 
coding kit (red, blue and yellow) 
for application to monitoring 
lines. 


The simple, safe 
Pharmaseal Continuous Flush 
Device. You can depend on it 
for accurate pressure wave 
transmission from catheter to 
transducer. We made it easy 
for you. 


For details, as well as 
information on our standard 
and custom line of monitoring 
kits, contact your American 
Pharmaseal representative. 


..;25* . American Pharmaseal 
32222:: Medical/Surgical Division 
ss P.O. Box 1300 
Glendale, CA 91209 
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Accuracy, simplicity and safety. 
We've made these the three primary 
characteristics of our 700 and 701 
Anesthesia Ventilators. The special 
features that make them unique 
also make these Fraser Harlake 
Ventilators the most functional 
models available today. 

Non-interacting physiological 
controls. Only three dials, all with 
linear calibrations, for greater 
accuracy as wellas easier operation. 
The 701 Ventilator can be set to 
deliver exact Minute Volume, Rate, 
and |:E Ratio for proper patient 
ventilation. 

Built-in safety features. The 701 
Ventilator features the most com- 
plete warning system available. 
Alarms— both audible and visible— 


epforwardin 


are triggered if setting exceeds 
specifications; gas supply pressure 
is low; actual I:E is less than dial 
setting; patient is disconnected, or 
power is disconnected. These 
alarms monitor both the patient and 
the machine, and continue until the 
problem is corrected. 

Pediatric bellows assembly. 
Designed for the pediatric patient 
in surgery with Tidal Volume less 
than 300 milliliters. Both the Model 
700 and the Model 701 Ventilators 
can be converted for pediatric use 
by replacing the adult bellows 
assembly with the pediatric bellows 
assembly. 

And more. Solid-state circuity 
insures a high degree of accuracy 
and patient safety. Separate mount- 
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FRASER 
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ing for control module and bellows 
assembly provides flexibility. Human " 
engineered for convenient use. 


For more information on the 
Model 700 and Model 701 Anes- 
thesia Ventilators, 
contact Fraser 
Harlake. 


An 
important 
innovation 
inpatient 
care. 
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, The “Familiar Territory" Anesthetic 





HALOTHANE—THE WORLD'S STANDARD 


* Experience: thousands of publica- 
tions, millions of administrations. 


* Consistency: no surprises in the OR 
or recovery room. 


* Cost: one-seventh the cost of enflurane 
per administration. 


HALOCARBON—AN INDUSTRY LEADER 


* Experience: first manufacturer of 
fluorinated anesthetics in the U.S. 


* Consistency: pioneered in the 
manufacture of the consistently pur- 
est anesthetic in the world. 





* Cost: the lowest price schedule of 
any potent anesthetic. 


HALOCARBON 


LABORATORIES, INC. 

82 Burlews Court 
Hackensack, N.J. 07601 
(201) 343-8703 
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Following narcotic-supplemented anesthesia. NARCAN 
quickly reverses narcotic-induced respiratory depression 
and helps restore consciousness so your patient can be 
out of the recovery room and back in her own room sooner. 
Prompt restoration of the patient's protective reflexes 
reduces the risk of postanesthetic complications. And. 
because the dosage of NARCAN is easily titrated, the 
analgesic action of the narcotic can usually be preserved 
Hesponse to NARCAN is usually evident within 2 to 3 
minutes following intravenous injection. and takes only 
siightly longer when given intramuscularly. NARCAN 
should be administered in increments of 0.1 mg I. V. at2- to 
3-minute intervals. to the desired degree of reversal (i.e. 
when adequate ventilation and alertness are achieved with 
satisfactory analgesia). It is important to monitor patients 
carefully and give repeated doses as needed since the 
duration of action of some narcotics may exceed that of 
NARCAN 
NATAL naloxone HCI 
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Following narcotic-supplemented anesthesia 


NARCAN ampuis 


naloxone HCI 


Endo Laboratories. Inc. 
Subsidiary of the DuPont Company 


Garden City, New York 11530 


Brief Summary of Prescribing Information 
NARCAN' 


INDICATIONS NARCAN® (naloxone hydrochloride) is indicated for 
the complete or partial reversal of narcotic depression, including 
respiratory depression, induced by opioids including natural and 
synthetic narcotics, propoxyphene and the narcotic-antagonist 
analgesic pentazocine. NARCAN is also indicated for the diag- 
nosis of suspected acute opioid overdosage. 
CONTRAINDICATIONS NARCAN is contraindicated in patients 
known to be hypersensitive to it. 

WARNINGS NARCAN should be administered cautiously to 
persons including newborns of mothers who are known or 
suspected to be physically dependent on opioids. In such cases 
an abrupt and complete reversal of narcotic effects may precipi- 
tate an acute abstinence syndrome. 

The patient who has satisfactorily responded to NARCAN should 
be kept under continued surveillance and repeated doses of 
NARCAN should be administered, as necessary, since the 
duration of action of some narcotics may exceed that of NARCAN. 
NARCAN is not effective against respiratory depression due to 
non-opioid drugs. 

Usage in Pregnancy: Safe use of NARCAN during pregnancy 
(other than labor) has not been established. Animal reproduction 
studies have not demonstrated teratogenic or other embryotoxic 
effects (See ANIMAL PHARMACOLOGY AND TOXICOLOGY). 
However, NARCAN should be administered to pregnant patients 
only when, inthejudgment of the physician, the potential benefits 
outweigh the possible hazards. 

PRECAUTIONS In addition to NARCAN, other resuscitative 
measures such as maintenance of a free airway, artificial 
ventilation, cardiac massage, and vasopressor agents should be 
available and employed when necessary to counteract acute 
narcotic poisoning. In an isolated report two patients with pre- 
existing ventricular irritability requiring lidocaine, and either 
isoproterenol or epinephrine for hypotension following cardio- 
pulmonary bypass procedures, developed ventricular tachycar- 
dia or fibrillation when given NARCAN |.V. at 9 and 14 hours, 
respectively, postoperatively for persistent unresponsiveness. 
Although a direct cause and effect relationship has not been 
established, NARCAN should be used with caution in patients with 
cardiac irritability. 

In rare cases very rapid reversal of narcotic anesthesia in cardiac 
patients has resulted in pulmonary edema 

ADVERSE REACTIONS Abrupt reversal of narcotic depression may 
result in nausea, vomiting, sweating, tachycardia, increased 
blood pressure, and tremulousness. In postoperative patients, 
excessive dosage of NARCAN may result in significant reversal of 
analgesia, and excitement; in some cardiac patients, the resultant 
hypertension and tachycardia may result in left ventricular failure 
and pulmonary edema. In the absence of narcotics naloxone is 
essentially devoid of side effects. 

DOSAGE AND ADMINISTRATION NARCAN (naloxone hydrochlo- 
ride) may be administered intravenously, intramuscularly, or 
subcutaneously. The most rapid onset of action is achieved by 
intravenous administration and it is recommended in emergency 
situations 

Since the duration of action of some narcotics may exceed that of 
NARCAN the patient should be kept under continued surveillance 
and repeated doses of NARCAN should be administered, as 
necessary. 

USAGE IN ADULTS Narcotic Overdose —Known or Suspected The 
usual initial adult dose is 0.4 mg (1 ml) NARCAN administered 
I.V., I.M. or S.C. If the desired degree of counteraction and 
improvement in respiratory function is not obtained immediately 
following I. V. administration, it may be repeated intravenously at 
2 to 3 minute intervals. Failure to obtain significant improvement 
after 2 or 3 doses suggests that the condition may be due partly or 
completely to other disease processes or non-opioid drugs. 
Postoperative Narcotic Depression: For the partial reversal of 
narcotic depression following the use of narcotics during surgery, 
smaller doses of NARCAN are usually sufficient. The dose of 
NARCAN should be titrated according to the patient's response. 
For the initial reversal of respiratory depression, NARCAN should 
be injected in increments of 0.1 to 0.2 mg intravenously at two to 
three minute intervals to the desired degree of reversal i.e. 
adequate ventilation and alertness without significant pain or 
discomfort. Excessive dosage of NARCAN may result in signifi- 
cant reversal of analgesia and increase in blood pressure. 
Similarly, too rapid reversal may induce nausea, vomiting, 
sweating or circulatory stress. 

Repeat doses of NARCAN may be required within one to two hour 
intervals depending upon the amount, type (i.e. short or long 
acting) and time interval since last administration of narcotic. 
Supplemental intramuscular doses have been shown to produce a 
longer lasting effect. 

USAGE IN CHILDREN Narcotic Overdose — Known or Suspected: 
The usual initial child dose is 0.01 mg/kg body weight given I.V., 
I.M. or S.C. This dose may be repeated in accordance with the 
adult administration guideline. If necessary, NARCAN can be 
diluted with sterile water for injection. 

USAGE IN NEONATES Narcotic-induced depression: The usual 
initial dose is 0.01 mg/kg body weight administered l.V., I.M. or 
S.C. This dose may be repeated in accordance with adult 
administration guidelines. 

HOW SUPPLIED 0.4 mg/ml of NARCAN* (naloxone hydrochlo- 
ride) for intravenous, intramuscular and subcutaneous adminis- 
tration. 

Available in 1 ml ampuls in boxes of 10 and 100. 

0.02 mg/ml of NARCAN* (naloxone hydrochloride) NEONATAL 
INJECTION for intravenous, intramuscular and subcutaneous 
administration. 

Available in 2 ml ampuls in boxes of 10 and 100. 

6077-4 BS 

NARCAN is an Endo Registered U.S. Trademark 


€ndo Laboratories, Inc. 


Subsidiary of the DuPont Company 
Garden City, New York 11530 YT 
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ADDRESS CHANGE NOTICE 


International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please change my mail address for ANESTHESIA and 
ANALGESIA, effective 


From— (Current or former address) 


Street Address 


City, State, Zip Code 


Important: Show your name and address exactly as 
your Journal is now addressed. 


To—(New Address) 


Street Address 


City, State, Zip Code 


Print Your Name 
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(butorphanol tartrate) 





for pain management 


in surgery 


E proven analgesic efficacy—as a pre- and 
postoperative agent. ..for patients in labor... 
as the analgesic component of balanced 
anesthesia 


fast acting—onset of action within 10 minutes 
IM, very rapidly IV; peak analgesic activity 
pon ARE minutes IM, more rapidly M 


2 mg of Stado!l produces a degree of respira- 
tory depression similar to that of 10 mg of 
morphine or 70 mg of meperidine—unlike 
these agents, doubling the Stadol dose to 4 mg 
does not appreciably increase the magnitude 
of respiratory depression 


favorable side effect profile—low physical 
dependence liability, little nausea or vomiting, 
infrequent constipation 


E few CNS effects other than sedation—the 
reported incidence of euphoria and hallucina- 
tions is less than 1% 


B nonscheduled—not subject to regulations 
under the Federa! Controlled Substances Act 


$5, mmm d 


proven performance in the relief 
of moderate to severe pain 


TM Bristol Laboratories 
BRISTOL Division of Bristol-Myers Company 
Syracuse, New York 13201 


Please see brief summary of prescribing information on the following page 
Copyright ©1980, Bristol Laboratories 





Brief Summary of Prescribing Information 
STADOL® (butorphanol tartrate) 


For complete information, consult Official Package Circular. 

(2) 12/10/79 
INDICATIONS AND USAGE—Stadol is recommended for the relief of moderate to severe 
pain. Stadol can also be used for preoperative or preanesthetic medication, as a 
supplement to balanced anesthesia, and for the relief of prepartum pain. 
CONTRAINDICATIONS—Stadol should not be administered to patients who have been 
shown to be hypersensitive to it. 
WARNINGS—Patients Physically Dependent on Narcotics: Because of its antagonist 
properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 
Due to the difficulty in assessing addiction in patients who have recently received 
substantial amounts of narcotic medication, caution should be used in the 
administration of Stadol. Detoxification of such patients prior to usage should be 
carefully considered. 
Drug Dependence: oe care should be exercised in administering Stadol to 
emotionally unstable patients and to those with a history of drug misuse. When 
long-term therapy is contemplated, such patients should be closely supervised. 
Even though Stadol has a low physical dependence liability, care should be taken 
that individuals who may be prone to on abuse are closely supervised. It is 
important to avoid increases in dose and frequency of injections by the patient and 
to prevent the use of the drug in anticipation of pain rather than for the relief of pain. 
Head Injury and Increased Intracranial Pressure: Although there is no clinical experience 
in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stado! in 
cases of head injury can produce effects (e.g., miosis) which may obscure the 
clinical course of patients with head injuries. In such patients Stadol must be used 
with extreme caution and only if its use is deemed essential. 
Cardiovascular Effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit, the use of this drug in acute myocardial infarction or in cardiac 
patients with ventricular dysfunction or coronary insufficiency should be limited to 
those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS— Certain Respiratory Conditions: Because Stadol causes some respiratory 
depression, it should be administered only with caution and low dosage to patients 
with respiratory depression (e.g., from other medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 
Impaired Renal or Hepatic Function: Although laboratory tests have not indicated that 
Stadol causes or increases renal or hepatic impairment, the drug should be 
administered with caution to patients with such impairment. Extensive liver disease 
may predispose to greater side effects and greater activity from the usual clinical 
dose, possibly the result of decreased metabolism of the drug by the liver. 
Biliary Surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 
Usage as a Preoperative or Preanesthetic Medication: Slight increases in systolic blood 
pressure may occur, therefore caution should be employed when Stadol is used in 
the hypertensive patient. 
Usage in Balanced Anesthesia: The use of pancuronium in combination with Stadol may 
cause an increase in conjunctival changes. 
Usage in Pregnancy: The safety of Stadol for use in pregnancy prior to the labor period 
has not been established; therefore, this drug should be used in pregnant patients 
only when in the judgment of the physician its use is deemed essential to the welfare 
of the patient. 
Reproduction studies have been performed in rats, mice and rabbits and have 
revealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 
2.5 to 5 times the human dose. 
Usage in Labor and Delivery: Safety to the mother and fetus following administration of 
Stadol during labor has been established. Patients receiving Stadol during labor 
have experienced no adverse effects other than those observed with commonly used 
—, Stadol should be used with caution in women delivering premature 
infants. 
Usage in Nursing Mothers: The use of Stadol in lactating mothers who are nursing their 
infants is not recommended since it is not known whether this drug is excreted in 
human milk. Stadol has been used safely for labor pain in mothers who sub- 
sequently nursed their infants. 
Usage in Children: Safety and efficacy in children below age 18 years have not been 
established. 
ADVERSE REACTIONS—The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy/sweating (76, 6%). 
Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling (33, 
3%), dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness (12, 1%). 
Other adverse reactions which may occur (reported incidence of less than 1%) are: 
CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 


Dermatological: rash or hives 
Eye: diplopia or blurred vision 
OVERDOSAGE— Manifestations: Although there have been no experiences of over- 
dosage with Stadol ang clinical trials, this may occur due to accidental or 
intentional misuse as well as therapeutic use. Based on the pharmacology of Stadol, 
overdosage could produce some degree of respiratory depression and variable 
cardiovascular and central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated 
constantly and appropriate supportive measures instituted, such as oxygen, intra- 
venous fluids, vasopressors and assisted or controlled respiration. 
HOW SUPPLIED—Stadol (butorphanol tartrate) Injection for I.M. or I.V. use, is available 
as follows: 

NDC 0015-5644-20—2 mg per ml, 2-mi vial 

NDC 0015-5645-20— 1 mg per ml, 1-ml vial 

NDC 0015-5646-20—2 mg per ml, 1-ml vial 

NDC 0015-5646-23—2 mg per ml, 1-m! Disposable Syringe 

NDC 0015-5648-20—2 mg per ml, 10-m! multi-dose vial 


IM Bristol Laboratories 
BRISTOL Division of Bristol-Myers Company 


Syracuse, New York 13201 


I. A.R.S. 1979 
REVIEW COURSES 


Booklet containing 14 Review 
Course Lectures given at 53rd 
Congress in March of 1979 is 
available from I.A.R.S. 
Cleveland business office at 
$5.00 per copy. Supply is 
limited and orders will be 
filled on basis of receipt date 
of order. Make checks 
payable to International 
Anesthesia Research Society 
and send with order. 


os) Bue deco 4» Wi. w «p 9 uW'w'e a 998 9 9. 3 OR OR 4e 9 W M c4. $99» nm eqq 


[. A. R.5. 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Enclosed is check for$. |. |. for 
copy(ies) of “1979 Review 
Course Lectures” to be sent to: 


(name) 


(Mail address) 


(City-state- zip) 
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Functional Toxicity of Anesthesia 


A Volume in “The Scientific Basis of Clinical Anesthesia" 
Richard J. Kitz, M.D. and Myron B. Laver, M.D., Series Editors 


Describing the state of general anesthesia as an 
iatrogenic illness, Dr. Bruce points out, wherever 
possible, the differences between the states of 
anesthesia and sleep. This "illness" is character- 
ized by abnormal alterations in function of major 
organ systems and these abonrmalities are re- 
ferred to as functional toxicity. In each chapter, 
the author concisely describes the physiology of 
each system and follows this with a discussion 
of the pathologic effects on these processes that 
occur after administration of drugs used in gen- 


Future volumes in The Scientific Basis of Clinical 
Anesthesia are now available on a Continuation Or- 
der basis. Your Continuation Order authorizes us to 
ship and bill each future volume in the series auto- 


eral anesthesia. He covers Central Nervous Sys- 
tem Function; Circulation; Respiration; Renal 
Function; Hepatic Function; Endocrine Func- 
tion; and Cell Division. Serving both as a review 
of physiology and as a guide to the unphysiologic 
effects of anesthetic drugs, the book will be of 
special interest to practicing anesthesiologists, 
nurse anesthetists, and residents and nurse train- 
ees in anesthesia. 

1980, 144 pp., $15.50 ISBN: 0-8089-1276-3 


matically, immediately upon publication. This order 
will remain in effect until cancelled. Specify the vol- 
ume number or title with which your order is to begin. 


Essential Noninvasive Monitoring in Anesthesia 


Edited by JOACHIM S. GRAVENSTEIN, M.D., RONALD S. NEWBOWER, Ph.D., 
ALLEN K. REAM, M.D. and N. TY SMITH, M.D. 


Essential Noninvasive Monitoring in Anesthesia 
brings together the leading medical and biomedi- 
cal engineering groups in the field of monitoring. 
It presents reviews of the latest technologies of 
non-invasive monitoring along with far-reaching 
looks into the future and searching examinations 
of the fundamental rationale of monitoring. 

The book analyzes the exciting prospects of solid 
state sensors. It presents the virtues and difficul- 
ties of using any sensing device as a transcutane- 


ous sensor. In addition, the book analyzes the 
progress of recent years in obtaining accurate 
non-invasive blood pressure measurements and it 
clarifies the clinical significance of such measure- 
ments. 


SECTION HEADINGS: Noninvasive Blood Pres- 
sure Measurements. Electrocardiography in the 
Operating Room. Cutaneous, Tissue and Respi- 
ratory Gas Measurements. Failure to Monitor. 
1980, 366 pp., $19.50 ISBN: 0-8089-1241-0 
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GRUNE & STRATTON 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NWI 7DX 
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Please send me the following: 
— Bruce, Functional Toxicity of Anesthesia, $/5.50 


— Continuation Order for “The Scientific Basis of 
Clinical Anesthesia" 


___Gravenstein et al., Essential Noninvasive Moni- 
toring in Anesthesia, $/9.50 


Please check one box: 


[] Payment enclosed (Free postage and handling. 
Add applicable sales tax.) 


[] Visa [J] MasterCard* 
[ ] Diner's Club 

Charge Card No. 
Expiration Date: Month  — Year 

*For MasterCard include the numbers that appear 
above your name 


[] American Express 


Your signature 


On prepaid orders, payment will be refunded for 
titles on which shipment is not possible within 120 
days. Prices are in U.S. dollars and subject to change 
without notice. 


NAME 

(please print) 
ADDRESS 
AFFILIATION 


CITY/STATE/ZIP 


[] Please check if you are a Grune & Stratton or 


Academic Press Author. Direct all orders to 


Georgia Phillips, Media Dept. AnesAnal/10/80 


-——————————— — 
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Don't decide on an OR anesthetic/lite-gas 

monitoring system until you meet SARA, CHEME TRON : 
Chemetrons System for Anesthetic and Medical Division 
Res iratory Analysis. loseea prototype ot Allied Healthcare Products, Inc. 

9 In action, stop by Chemetron Booth 1801 Lilly Avenue, St. Louis, MO 63110 


43 / 2 at the Annual Meeting of the ASA. An Allegheny Ludlum Industries Company 
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Why do you think of FOREGGER 
When you think of Laryngoscopes 


It's probably because you know that Foregger properly shapes 
their blades with knowledge, craftmanship and concern for 
quality unequalled in the industry. 


Or possibly you know that Foregger offers the world’s 
largest variety of laryngoscope blades. 


Or maybe you remember that Foregger is the 
largest, as well as one of the oldest manufac- 
turers in the field. 


Whatever the reason, we're delighted 
that you think of Foregger ... 


For more information, contact 
your local Foregger dealer 
or representative. 


Puritan-Bennett Corporation 
Foregger Medical Division 
835 Wheeler Way 
Langhorne, PA 19047 





Ne October 14, 
you'll see how 


Ohio has reshaped 
anesthesia safety. 


Last year at the American Society of Anesthesiologists Convention, Ohio 
introduced the Modulus"—the anesthesia machine that makes your 
world a lot safer for you and your patients. 


This year, we have defined another shape of safety with the Modulus 
Wing". We've extended the Modulus design concept to include further 
advances in human engineering. So you can better orient your machine to 
your patient. More effectively maintain personal observation. And de- 
lineate your environment within the OR. 


We cordially invite you to visit us at Booths 103-114 at the ASA Convention 
to see how the new Modulus Wing can change the shape of safety in your 
world. 


Ohio Medical Products 


A Division of Airco, Inc. 
3030 Airco Drive, PO. Box 7550, Madison, Wisconsin 53707 


C, 1980 Airco, Inc. 








What happens when they both need it? 


Does your hospital have 
enough defibrillator/monitors? 

In a building full of sick people, 
itis by no means unusual to experi- 
ence an urgent need for more than 
one defibrillator/monitor at any 
given moment. It is quite possible 
for cardiac emergency to strike any 
room, any floor, any time. And 
when it does, you want to be able 
to respond as rapidly as possible, 
without jeopardizing the safety 
of any other patient, without 
compromising the ability of any 
other department to deal with 
cardiac emergency. 


Only Physio-Control 


makes the Lifepak? 


The time to make sure you're 
adequately equipped is now. One 
of our representatives will be happy 
to help you survey your need for 
acute cardiac care systems. We ve 
said it before and we'll say it again: 
we don t wish to sell you a single 
unit more than you actually need. 
But we also don't think 
you should try to 
get by with a single 
unit less. 

Does your 
hospital have od 
enough defibril- | | 
lator/monitors? ( 




















Physio-Control is the world leader in acute cardiac care systems. 11811 Willows Road, Redmond, Washington 98052 U.S.A. 
(206) 881-4000/U.S. Telex: 320268, International Telex: 320166. Lifepak and Physio-Control are registered trademarks. 
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Before the procedure 
Onset of action 


In 
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After Ine procedure 
Diminished recall 








Preoperative relief with postoperative benefits 


O Predictable course of action—onset within D A proven record of safety and performance. 
minutes, release within hours. As with most 
CNS-acting drugs, outpatients should be 
cautioned against engaging in hazardous 
occupations requiring complete mental 
alertness, e.g., operating machinery or 
driving. 


0 Does not normally compromise cardiac or 
respiratory function. Resuscitative equipment 
should be readily available. 


D Use with care in elderly, very ill and 
patients wi*h limited pulmonary reserve (see 


Warni ti followi 
O Calm relaxed patient, better prepared for arnings section on following page) 


the procedure. 


"Valium | WV 


aiazeocam/Roche & 


A pattern of action 
that meets your needs 


x: MY 
Please see summary of product information on next page. 


D Narcotic dosage can and should be reduced. 





Improved 


Tel-E-Ject 





10-mg Disposable 
abe oo (5 genre 


I mi (5 mg) 1.5 


FOR LM. OR I.V. USE 





E 


2 ml (10 mg) 


scale on both sides of barrel 
eases visibility during 


administration 


Injectable 


Valium LV. 


diazepam/Roche 


10-ml vials 
2-ml ampuls 





| mg/ml 








Please consult complete 
product information, a summary 
of which follows: 


Contraindications: Hypersensitivity: 
acute narrow angle glaucoma, may be 
used in patients with open angle glau- 
coma receiving appropriate therapy 
Warnings: /o reduce the possibility of 
venous thrombosis, phlebitis, local irri- 
tation. swelling, and, rarely. vascular 
impairment when used I.V.: inject 
slowly. taking at least one minute for 
each 5 mg (1 ml) given, do not use 
small veins, ie , dorsum of hand or 
wrist. use extreme care to avoid intra- 
arterial administration or extravasation 
Do not mix or dilute Valium (diazepam/ 
Roche) with other solutions or drugs in 
syringe or infusion flask. If it iS not 
feasible to administer Valium directly 
I.V., it may be injected slowly through 
the infusion tubing as close as pos- 
sible to the vein insertion 
Administer with extreme care to elderly, 
very ill, those with limited pulmonary 
reserve because of possibility of apnea 
and/or cardiac arrest; concomitant use 
of barbiturates, alcohol or other CNS 
depressants increases depression with 
increased risk of apnea, have resusci- 
tative facilities available. When used 
with narcotic analgesic. eliminate or 
reduce narcotic dosage at least 75. 
administer in small increments. Should 
not be administered to patients in 
shock. coma, acute alcoholic intoxica- 
tion with depression of vital signs. As 
with most CNS-acting drugs. caution 
against hazardous occupations requir- 
ing complete mental alertness (e.g., 
operating machinery, driving) 
Has precipitated tonic status epilep- 
ticus in patients treated for petit mal 
status or petit mal variant status 
Withdrawal symptoms similar to those 
with barbiturates and alcohol have 
been observed with abrupt discon- 
tinuation after long use of excessive 
doses. Infrequently, milder withdrawal 
symptoms have been reported follow- 
ing abrupt discontinuation of benzo- 
diazepines after long. continuous use 
at high therapeutic levels. After ex- 
tended therapy. gradually taper dosage 

Usage in Pregnancy: Use of 

minor tranquilizers during 

first trimester should almost 

always be avoided because 

of increased risk of congeni- 

tal malformations, as sug- 

gested in several studies. 

Consider possibility of preg- 

nancy when instituting 

therapy; advise patients to 

discuss therapy if they intend 

to or do become pregnant. 
Not recommended for OB use 


Efficacy/safety not established in neo- === 


nates (age 30 days or less). prolonged 
CNS depression observed. In children, 
give slowly (up to 0.25 mg/kg over 3 
minutes) to avoid apnea or prolonged 
somnolence, can be repeated after 15 
to 30 minutes. If no relief after third 
administration, appropriate adjunctive 
therapy is recommended 
Precautions: Although promptly con- 
trolled, seizures may return; re-admin- 
ister if necessary; not recommended 
for long-term maintenance therapy 

If combined with other psychotropics 
or anticonvulsants, carefully consider 
individual pharmacologic effects— par- 
ticularly with known compounds which 
may potentiate action of Valium 
(diazepam/Roche), i.e., phenothia- 
zines, narcotics, barbiturates, MAO in- 
hibitors, antidepressants. Protective 
measures indicated in highly anxious 
patients with accompanying depres- 
sion who may have suicidal tenden- 
cies. Observe usual precautions in 
impaired hepatic function; avoid ac- 
cumulation in patients with compro- 
mised kidney function. Laryngospasm/ 
increased cough reflex are possible 
during peroral endoscopic proce- 
dures; use topical anesthetic, have 
necessary countermeasures available 
Hypotension or muscular weakness 
possible, particularly when used with 
narcotics, barbiturates or alcohol. Use 
lower doses (2 to 5 mg) for elderly 
debilitated 

Adverse Reactions: Drowsiness, fa- 
tigue, ataxia, venous thrombosis/ 
phlebitis at injection site. confusion, 
depression, dysarthria, headache, hy- 
poactivity, slurred speech, syncope, 
tremor, vertigo, constipation, nausea, 
incontinence, changes in libido, uri- 
nary retention, bradycardia, car- 
diovascular collapse, hypotension, 
blurred vision, diplopia, nystagmus, 
urticaria, skin rash, hiccups, changes 
in salivation, neutropenia, jaundice 
Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances, 
stimulation have been reported: should 
these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hy- 
perventilation, laryngospasm/pain in 
throat and chest have been reported in 
peroral endoscopic procedures. ISO- 
lated reports of neutropenia, jaundice, 
periodic blood counts, liver function 
tests advisable during long-term 
therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known 
significance. 

Management of Overdosage: Man- 
ifestations include somnolence, con- 
fusion, coma, diminished reflexes 
Monitor respiration, pulse, blood pres- 
sure; employ general supportive 
measures, |.V. fluids, adequate airway 
Hypotension may be combated by the 
use of levarterenol or metaraminol 
Dialysis is of limited value 

Supplied: Ampuls. 2 ml, boxes of 10. 
Vials, 10 ml, boxes of 1; Tel-E-Ject* 
(disposable syringes), 2 ml, boxes of 
10. Each ml contains 5 mg diazepam 
compounded with 4096 propylene 
glycol, 10% ethyl alcohol, 5% sodium 
benzoate and benzoic acid as 
buffers, and 15% benzy! alcohol as 
preservative 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc 
® Nutley, New Jersey 07110 


THERMODILUTION CARDIAC THERMODILUTION 
OUTPUT COMPUTER CATHETERS 


Injectate Lumen 












30 cm proximal —7F 
MODEL 15 cm proximal — LER 
ii Latest bedside “Ray (N) 
cardiac output P Rr i Ne P 
computer monitoring i N Markings, * | 
technology | every 10 cm TA PRI Hen Inflated 
XQ 3 Syringe Balloon 
Thermistor _ E CVP— 
MODEL Connections Proximal JS 
3501 ~ a 
we Distal æ= 
Companion auto- E M 
matic recorder for |^ iS 
thermodilution curve T 
= = Thermistor 
Features: 
Features: 
e ACCURATE cardiac outputs e AUTOMATIC body and 
— adult and pediatric ranges injectate temperatures e Convenient and complete e Tapered tip — pressure fidelity 
e SIMPLE pushbutton e AUTOMATIC thermal curve sterile packaging and introduction | 
operation recording e Precalibrated and e Thermistor located inside J 
e ADJUSTABLE test e CHOICE of injectate volume interchangeable curve — prevents P. A. wall contact 
calibration and temperature e Adult, pediatric and direct e Balloon protection shield 


e SERVICEABLE — interchangeable circuitry placement sizes 


M 


Im c 





For Additional Information, contact Ross Linnemann 


KMA, INC. 

150 Coolidge Avenue 

Watertown, Massachusetts 01172 
(800) 225-3080 

In Mass. call: (617) 926-6151 


PHILLIPS 


LARYNGOSCOPE BLADES 
Now Two Sizes 


Adult and Pediatric 


The Phillips Blade by North American Drager combines into one blade 
many features of the Jackson-Eversole Blade and the Miller Blade. The light of the 
Phillips Blade is on the left side to afford excellent visualization of the Larynx and 
allows room for passing a tube along the blade for difficult intubations. 











The Adult Blade has been found 
adequate for the largest adults en- 
countered; the small tip, in addition 
makes it adaptable for use in children as 
small as 2 or 3 years of age. The 
Pediatric Blade is a replica of the Adult 
Blade that has been reduced in all 
aspects of shape and size, including 
thickness of the metal. It can be used in 


AMERICAN DRAGER patients from newborn to about 4 years 
148B QUARRY ROAD, TELFORD, PA 18969 of age. 
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I.A.R.S. MEMBERSHIP 
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Non-glare. 
-The finishing 


touch from 
Penion. 


One of the best instruments in the field is now just a little bit better. We've 
developed a soft new matte finish for our laryngoscopes that virtually eliminates reflection 
and glare. Now you can enjoy maximum illumination without the distraction that can 
attend polished finishes. Those who wear glasses will welcome this timely new improve- 
ment, now available in Macintosh, Miller and Wisconsin models. 

Naturally, our new finishing touch doesn't compromise in the slightest way the. 
superior handcrafted quality you have come to expect from our laryngoscopes. 

The same quality stainless steel goes in, the same meticulous care is given — 457 
to manufacture. iy, 

We've been developing and perfecting laryngoscopes for 35 
years. First with stainless steel to eliminate plating problems. 

Pioneers in better wiring, insulation and blade design. Our 
non-glare finish simply follows in that innovative tradition 
to give you the most useful, professional 

instruments that can be made. 

Penlon laryngoscopes. Showing the way 
from start to finish. 

For more information call or write 
Penlon Inc., 4647 Ciiles Road, 

Cleveland, Ohio 44135, 
216-476-0880. 


Penlon 








Drawing 


upon a wealth of cases presented at weekly 
clinical morbidity and mortality conferences at the Uni- 
versity of California at San Francisco, problems are dis- 
cussed in four detailed sections: 


e preoperative e intraoperative 

e postoperative e specialty 
Each includes cases from specific specialties (pulmo- 
nary, cardiovascular, metabolic and hematologic, neu- 
romuscular, obstetrics, trauma and more. Every case 
features a succinct presentation, audience participa- 





tion and general discussion. 
® offers more than 100 case presentations 
e examines frequently-encountered probiems and 
outlines up-to-date, effective managemeni 
techniques 
e presents a variety of thought-provoking viewpoints 
for each case 
e provides an excellent framework for accumulating 
clinical data 
February, 1980. 338 pages, 53 illustrations. Price, $34.50. 


‘your best 
consultants . . . 


"The goal of this book, as stated in the 
preface, is to incorporate an organized 
basic science curriculum with the clinical 
practice of neuroanesthesia. Cottrell and 
Turndorfs text comes closerto realizing this 
objective than any of the other neurosurgi- 
cal anesthesia texts currently available." 


Anesthesia and Anaigesia 
Vol. 59, No. 6, June, 1980 





This new book thoroughly investigates the crucial role of anesthesia - 
in neurosurgery. 

e each neurosurgical consideration is in its own chapter 

e physiological, pharmacological, and neurological aspects 

of each procedure 

e anesthetic management for every procedure 

e outstanding contributors - 
December, 1979. 448 pages, 134 illustrations. Price, $47.50. 


The growth of pediatric surgery has made pediatric 
anesthesia an increasingly important area of your 
responsibility. Keep pace with the surgical advances 
that affect your profession with this new edition: 
e “Theoretical and Technical Considerations" covers 
such topics as respiratory physiology, choice of 
agents, design of anesthesia systems, endotracheal 





A 
neurologic, orthopedic, otolaryngologic, and other 
forms of pediatric surgery, with descriptions of the 
surgical aspects that are essential for the anesthe- 
siologist to understand 


e "Allied Topics" discusses fluid therapy and blood 


replacement, pediatric intensive care, complica. 
tions, and mortality 


intubation, monitoring, recovery, plus various anes- 
thetic techniques 


Enhance your care of infants and children by adding this 
outstanding reference to your library! 
December, 1979. 710 pages, 308 illustrations. Price. 


e "Clinical Management of Specific Anesthetic Prob- 
lems" presents the handling of infants and children 
during the various special problems of cardiac, 


$45.00. 


To order your 30-day on-approval copies, CALL US! Dial toll-free fj 
(800) 325-4177, ext. 10. In Missouri, call collect (314) 872-8370, ext. MOSBY 


40 during our regular business hours. MasterCard, VISA, or C.O.D. 


accepted. 


All prices subject to change. 
Add sales tax if applicable. 


TIMES MIRROR 


THE C. V. MOSBY COMPANY 
11830 WESTLINE INDUSTRIAL DRIVE 


AMS173 ST. LOUIS, MISSOURI 63141 


Monitor the ins and the outs 
of ventilation. 


e: & 


The new End-tidIL 200 CO, Monitor gives you breath-by-breath 
analysis of expired CO, at an affordable price. 


For over a decade, IL has been providing anes- IL, the leading manufacturer of O, Monitors, 
thesiologists with products to monitor oxygen offers this quality CO, Monitor at a price that 
delivery. Now, the End-tidIL™ 200 CO, Monitor makes it affordable for every patient under 
provides a safeguard for proper ventilation. At anesthesia to be assured of proper ventilation. 
an introductory price of under $2000. For a demonstration or further information, 
This new instrument monitors the patient's call IL toll-free: 800 225-4040 

expired % CO, on a continuous or peak value (800 342-8856 in MA) 

basis to indicate: or write: 

e cardiac and pulmonary information 


e hypercapnia and hypocapnia 


* malfunction of the CO, absorber The Critical Care Specialist... 
! Instrumentation Laboratory Inc. 
* air embolism 


Sensorlab Division 
e disconnected or obstructed airway One Burtt Road 


e changesin vie Pao» M | Vi 01810 





See below for important product information concerning warnings, adverse reactions, patient selection and prescribing and precautionary recommendations. 


More protection 
for the newborn 


(flatCaifie hydrochioride 


brand of 


bupivacaine hydrochloride 


with or without epinephrine 1:200,000 





Indications: Peripheral nerve block, infiltration, sym- 
pathetic block, caudal, or epidural block. 


Contraindication: Marcaine is contraindicated in 
patients with known hypersensitivity to it. 


Warnings: RESUSCITATIVE EQUIPMENT AND 
DRUGS SHOULD BE READILY AVAILABLE WHEN 
ANY LOCAL ANESTHETIC IS USED. 


Usage in Pregnancy. Reproduction studies have been 
performed in rats and rabbits and there is no evidence 
of harm to the animal fetus. The relevance to the 
human is not known. Safe use in pregnant women 
other than those in labor has not been established. 


Until further clinical experience is gained, paracervical 
block with Marcaine is not recommended. Fetal brady- 
cardia frequently follows paracervical block with some 
amide-type local anesthetics and may be associated 
with fetal acidosis. Added risk appears to be present 
in prematurity, toxemia of pregnancy, and fetal distress. 


The obstetrician is warned that severe persistent hy- 
pertension may occur after administration of certain 
oxytocic drugs, if vasopressors have already been 
used during labor (e.g., inthe local anesthetic solution 
or to correct hypotension). 


Solutions containing a vasoconstrictor, particularly 
epinephrine or norepinephrine, should be used with 
extreme caution in patients receiving monoamine oxi- 
dase (MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because severe, pro- 
longed hypertension may result. 


Local anesthetics which contain preservatives, i.e., 
those supplied in multiple dose vials, should not be 
used for caudal or epidural anesthesia. 


Until further experience is gained in children younger 
than 12 years, administration of Marcaine in this age 
group is not recommended. 


Precautions: The safety and effectiveness of local 
anesthetics depend upon proper dosage, correct tech- 
nique, adequate precautions, and readiness for 
emergencies. 


The lowest dosage that gives effective anesthesia 
should be used in order to avoid high plasma levels 
and serious systemic side effects. Injection of re- 
peated doses of Marcaine may cause significant in- 
crease in blood levels with each additional dose, due 
to accumulation of the drug or its metabolites or due 
to slow metabolic degradation. Tolerance varies with 
the status of the patient. Debilitated, elderly patients 
and acutely ill patients should be given reduced doses 
commensurate with age and physical condition. 


Solutions containing a vasoconstrictor should be used 
cautiously in areas with limited blood supply, in the 
presence of diseases that may adversely affect the 
patient's cardiovascular system, or in patients with 
peripheral vascular disease. 


Marcaine should be used cautiously in persons with 
known drug allergies or sensitivities, particularly to 
the amide-type local anesthetics. 


Serious dose-related cardiac arrhythmias may occur 
if preparations containing a vasoconstrictor such as 
epinephrine are employed in patients during or follow- 
ing the administration of chloroform, halothane, cyclo- 
propane, trichloroethylene, or other related agents. In 
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Marcaine HCI Epinephrine* | Methyl- Sodium Thio- Ascorbic 
(brand of (as bitartrate) | paraben Bisulfite glycerol ^ Acid 

bupivacaine HC!) 

% mg./ml. Dilution mg./ml. mg./ml = ml/ml.  mg./ml. 

0.25 25 — 

0.25 2.5 1:200,000 

0.5 5.0 - 

0.5 5.0 1:200,000 

0.75 15 — 

0.75 75 1:200,000 Not Available in Vials 


MULTIPLE DOSE VIAL 






deciding whether to use these products concurrently 
inthe same patient, the combined action of both agents 
upon the myocardium, the concentration and volume 
of vasoconstrictor used, and the time since injection, 
when applicable, should be taken into account. 


Caution is advised in administration of repeat doses 
of Marcaine to patients with severe liver disease. 


Adverse Reactions: Reactions to Marcaine are char- 
acteristic of those associated with other amide-type 
local anesthetics. A major cause of adverse reactions 
to this group of drugs is excessive plasma levels, 
which may be due to overdosage, inadvertent intra- 
vascular injection, or slow metabolic degradation. 


Excessive plasma levels of the amide-type local anes- 
thetics cause systemic reactions involving the central 
nervous system and the cardiovascular system. The 
central nervous system effects are characterized by 
excitation or depression. The first manifestation may 
be nervousness, dizziness, blurred vision, or tremors, 
followed by drowsiness, convulsions, unconscious- 
ness, and possibly respiratory arrest. Since excitement 
may be transient or absent, the first manifestation may 
be drowsiness, sometimes merging into unconscious- 
ness and respiratory arrest. Other central nervous 
system effects may be nausea, vomiting, chills, con- 
striction of the pupils, or tinnitus. The cardiovascular 
manifestations of excessive plasma levels may include 
depression of the myocardium, blood pressure 
changes (usually hypotension), and cardiac arrest. In 
Obstetrics, cases of fetal bradycardia have occurred 
(see Warnings). 


Allergic reactions, which may be due to hypersensi- 
tivity, idiosyncrasy, or diminished tolerance, are char- 
acterized by cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. Detection of sen- 
sitivity by skin testing is of doubtful value. 


Reactions following epidural or caudal anesthesia 
also may include: high or total spinal block; urinary 
retention; fecal incontinence; loss of perineal sen- 
sation and sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower extremities; 
headache and backache; and slowing of labor and 
increased incidence of forceps delivery. 


Treatment of Reactions. Toxic effects of local anes- 
thetics require symptomatic treatment; there is no 
specific cure. The physician should be prepared to 
maintain an airway and to support ventilation with 
oxygen and assisted or controlled respiration as re- 
quired. Supportive treatment of the cardiovascular 
system includes intravenous fluids and, when appro- 
priate, vasopressors (preferably those that stimulate 
the myocardium). Convulsions may be controlled with 
oxygen and intravenous administration, in small incre- 
ments, of a barbiturate, as follows: preferably, an 
ultrashort-acting barbiturate such as thiopental or thi- 
amylal; if this is not available, a short-acting barbiturate 
(e.g., secobarbital or pentobarbital) or diazepam. Intra- 
venous barbiturates or anticonvulsant agents should 
only be administered by those familiar with their use. 
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Sodium Thio- Ascorbic 60% Edetate 
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Sodium Calcium | Bisulfite glycerol Acid Sodium Calcium 
Lactate Disodium Lactate Disodium 
ml./ml. mg./ml.| mg./m.  ml/ml. mg.ml. ml./ml. mg./ml. 
5 001 2 0017 0.1 
5 001 2 0017 0.1 
5 .001 2 .0017 0.1 


Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make each solution isotonic. 
*Solutions of Marcaine that contain epinephrine should not be autoclaved. Federal law prohibits dispensing without a prescription. 


More protection 
for the newborn 


A drug of choice for epidural 
anesthesia that results in 


W decreased placental transfer’ 


W fewer neurobehavioral changes 
than lidocaine or mepivacaine? 


Mercaine hydrochloride 


brand of 


bupivacaine hydrochloride 


with or without epinephrine 1:200,000 
See adjacent page for prescribing information. Not recommended for paracervical block. 
Model © by Hubbard Scientific Co. Northbrook, III 
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ANESTH ANALG 
59:717-721, 1980 


Inotropic Effects of Non-depolarizing Muscle 
Relaxants in Isolated Canine Heart Muscle 


Naofumi Iwatsuki, MD, PhD,* Yasuhiko Hashimoto, MD, PhD,* Keisuke Amaha, MD, 
PhD,7 Shoichi Obara, BS, and Kenichi Iwatsuki, MD, PhD§ 





IWATSUKI, N., HASHIMOTO, Y., AMAHA, K., OBARA, S., AND IWATSUKI, K.: Inotropic effects of non-depolarizing muscle 
relaxants in isolated canine heart muscle. Anesth Analg 59:717-721, 1980. 


The inotropic effects of five non-depolarizing muscle relaxants were examined using an isolated canine heart muscle 
preparation. Except for fazadinium, all drugs were studied in their commercially available forms. d-Tubocurarine 
chloride (dTc) and metocurine iodide (MTC) produced dose-dependent decreases in isometric force (F) and the 
maximum velocity of force development (dF /dt) at concentrations greater than 22.5 x 10 ? g/L for dTc and greater 
than 15.0 x 10^? g/L for MTC, concentrations which are 3 and 6 times higher than estimated clinical serum 
concentrations, respectively. Myocardial depression was about 3 times less with MTC than with dTc at equipotent 
concentrations. The degree of depression in F and dF/dt produced by MTC was almost identical with that produced 
by phenol, a preservative of MTC, indicating that MTC-induced myocardial depression may be due to the effect of the 
preservative. Pancuronium bromide (PC) produced a dose-dependent increase in F and dF /dt and decrease in the 
time to peak force. PC-induced changes in F, dF/dt, and time to peak force were inhibited by administration of 
propranolol 10 ^* m. The results indicate that PC possesses a positive inotropic effect mediated by beta-adrenergic 
stimulation. Alcuronium chloride did not change F or dF /dt at concentrations from 5.0 x 10^? to 60:0 X 107? à/L. 
Fazadinium bromide increased F and dF /dt slightly at a low concentration (1.875 x 107° g/L), but further increases 
in its concentration returned the values of F and dF/dt to control levels. F and dF/dt were not altered in vitro by 
concentrations of relaxants that would be anticipated in plasma in vivo in patients given clinically effective doses of 0.3 
mg/kg of dTc, 0.1 mg/kg of MTC or PC, 0.2 mg/kg of alcuronium chloride, or 0.75 mg/kg of fazadinium bromide. 


Key Words: NEUROMUSCULAR RELAXANTS: d-tubocurarine, pancuronium, metocurine, alcuronium, fazadinium; 
HEART, Myocardial function: neuromuscular relaxants. 





ARDIOVASCULAR effects of non-depolarizing equieffective concentrations of these muscle relax- 

muscle relaxants are of clinical significance in ants. 
the anesthetic management of patients, particularly of 
those undergoing cardiac surgery.! However, the di- 
rect effects of non-depolarizing relaxants upon my- 
ocardial contractility have been studied extensively 
only in the case of d-tubocurarine."^* The present 
study was undertaken to examine the direct effects of 
d-tubocurarine, pancuronium, metocurine, alcuron- 
ium, and fazadinium using an isolated canine heart 


Materials and Methods 


Forty-four trabeculae excised from the right ventri- 
cle of healthy dogs (6 to 8 kg) anesthetized with 
thiopental (2.5 mg/kg IV) were used in this study. 
Muscle length, blotted weight, and cross-sectional 
area of trabeculae were 4.95 + 1.61 mm, 3.5 + 2.6 
mg, and 0.65 + 0.29 mm^ (mean + SD), respectively. 


muscle preparation. The results were compared at 


* Assistant Professor, Tohoku University School of Medicine. 

T Chairman and Professor, Tohoku University School of Medi- 
cine. 

i Research Assistant, Tohoku University School of Medicine. 

8 Professor Emeritus, Tohoku University School of Medicine; 
Professor, Dokkyo Medical School. 

Received from the Department of Anesthesiology, Tohoku Uni- 
versity School of Medicine, 1-1 Seiryo-machi, Sendai 980, Japan. 
Accepted for publication June 16, 1980. 

Reprint requests to Dr. Naofumi Iwatsuki. 


The experimental technique has been described in 
detail elsewhere.” The excised trabecula was sus- 
pended in Krebs-Henseleit solution at 30 C through 
which 95% Oz and 596 CO» was bubbled. Square wave 
electrical stimulation at a frequency of 12/min was 
applied by platinum field electrodes placed parallel 
to the muscle with an intensity 15% to 20% above 
threshold and a duration of 5 msec. Before starting 
the experiment we allowed the muscle to contract 
isometrically for more than 60 minutes to obtain a 
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INOTROPIC RESPONSES TO RELAXANTS 


stable contraction. All measurements were done at 
the muscle length at which isometric force reached 
the maximum (Lmax). Concentrations of muscle re- 
laxants were increased stepwise by adding the drugs 
directly to the bathing solution (40 ml) in amounts 
less than 0.3 ml. Six or eight preparations were used 
for each relaxant. A separate group of four trabeculae 
was exposed to various concentrations of phenol to 
evaluate the effects of this preservative. The interac- 
tion between pancuronium and propranolol was also 
examined in an additional six trabeculae by exposure 
of the muscle to 10 ? m of propranolol for about 30 
minutes prior to administration of pancuronium. 

The muscle relaxants used in this study were as 
follows: d-tubocurarine  chloride(dTc)-Amelizol 
(Yoshitomi Pharmaceutica Industries Ltd, Japan), 
which contains 0.5 w/v96 chlorobutanol as a preserv- 
ative; pancuronium bromide(PC)-Mioblock (N. V. 
Organon, Holland); metocurine iodide(MTC)-Metu- 
bine iodide (Eli Lilly & Co, USA), which contains 0.5 
w/v% phenol as a preservative; alcuronium 
chloride(AL)-Dialferin (F-Hoffman La Roche Co, 
Switzerland); and fazadinium bromide(FZ) as crystal- 
line powder which was dissolved in Krebs-Henseleit 
solution when used. Doses of 0.3 mg/kg of dTc, 0.1 
mg/kg of PC and MTC, 0.2 mg/kg of AL, and 0.75 
mg/kg of FZ are approximately equieffective in terms 
of muscle relaxation produced under clinical condi- 
tions. Assuming that under clinical conditions muscle 
relaxants distribute evenly into circulating plasma 
volume of 40 ml/kg, we estimated plasma concentra- 
tions of relaxants as follows when equipotent doses 
mentioned above were injected intravenously in hu- 
mans: dTc, 7.5 x 10? g/L; PC and MTC, 2.5 X 10? 
g/L; AL, 5.0 X 10? g/L; and FZ, 1.875 X 10? g/L. 
These were the initial concentrations evaluated in the 
present study (relative concentration 1 in Table 1); 
effects of concentrations 3, 6, and 12 times greater 
than the initial concentrations were also studied (Ta- 
ble 1). 

Each heart muscle served as its own control. The 
data, expressed as means + SE, were analyzed by 
Student's t-test; p values less than 0.05 were consid- 
ered to be statistically significant. 


Results 


dTc produced a dose-dependent decrease in iso- 
metric force (F) (Fig 1). PC increased F in a dose- 
dependent manner following an initial transient de- 
crease. AL did not alter F. MTC was associated with 
a dose-dependent decrease in F following an initial 
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TABLE 1 


Changes in Time to Peak Force from Onset of Isometric 
Contraction (TPF) Associated with Administration of Various 
Concentrations of Muscle Relaxants * 





Relative concentration of muscle relaxant 





1 3 6 12 

Pancuronium 

96 953:4 1.7 93.1419 92.0 + 2.1 

p <0.05 <0.05 <0.01 
dTc 

% 99.620.5 99.7212 95.1412 

p NS NS <0.01 
Metocurine 

% 99.2+05 98.7+06 98.52+1.1 99.4 + 2.1 

p NS NS NS NS 
Alcuronium 

% 100.4 + 0.8 99.1 +1.0 998+08 98.1 * O.9 

p NS NS NS NS 
Fazadinium 

% 99.1 + 0.6 98.1 10.6 96.7 t 1.2 93.3 + 1.1 

p NS <0.05 <0.05 <0.001 





* Results are expressed as percent change from TPF measured in 
the absence of relaxants (means + SE). The concentration of relaxant is 
expressed as relative concentration (see text). p is the level of statistical 
significance compared to the values in the absence of relaxants. NS, p 
> 0.05. 
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Fic 1. Changes in isometric force associated with the admin- 
istration of d-tubocurarine (dTc), pancuronium (Panc.), alcuron- 
ium, metocurine, and fazadinium. The doses represent the 
amount added to the 40 ml of bathing solution. 





transient increase. FZ slightly increased F at a low 
concentration, but decreased F at higher concentra- 
tions. Percent changes in F and in the maximum 
velocity of force development (dF/dt) as a function of 
the concentration of muscle relaxants in the bathing 
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solution are shown in Figs 2 and 3. The percent 
increases in F and dF/dt produced by 15.0 x 10°” g/ 
L PC were 52.1 + 8.7% and 59.4 + 12.0%, respectively. 
The percent decreases in F and dF/dt produced by 
45.0 X 10° g/L dTc were 38.6 + 2.3% and 36.0 + 
2.8%, respectively, and those by 15.0 X 10? g/L MTC 
were 8.5 + 1.4% and 11.0 + 1.1%, respectively. These 
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Fic 2. Percent changes in isometric force produced by the 


administration of pancuronium (n = 7), fazadinium (n = 8), 
alcuronium (n = 6), metocurine (n = 7), and dTc (n = 6). 
Numbers on the abscissa represent the relative concentration 
when the estimated clinical serum concentration obtained by the 
administration of the clinical initial dose in clinical conditions is 
one (see text). The actual concentrations in bathing solution are 
shown below the scale. * p < 0.05, ** p < 0.01 compared to 
the values in the absence of muscle relaxants. 
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FiG 3. Percent changes in the maximum velocity of force de- 
velopment (dF/dt) associated with the administration of PC 
(pancuronium), FZ (fazadinium), AL (alcuronium), MTC (meto- 
curine), and dTc (d-tubocurarine). Numbers on the abscissa 
indicate the relative concentrations of muscle relaxants. The 
actual concentrations are shown in Fig. 2. * p < 0.05, ** p< 
0.01 compared to the values in the absence of relaxants. 
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concentrations were 6 times greater than the estimated 
serum concentrations when 0.3 mg/kg of dTc or 0.1 
mg/kg of MTC are given clinically as bolus injections. 
Percent changes in F were approximately equal to 
percent changes in dF/dt with all muscle relaxants 
studied. 

Time to peak force from the onset of muscle con- 
traction (TPF) decreased in a dose-dependent manner 
following PC and FZ, but TPF was decreased by dTc 
only at the highest concentration studied (Table 1). 
MTC and AL did not alter TPF. The administration 
of 10 " m propranolol decreased F to 91.6 + 1.1% (p 
« 0.001), dF/dt to 95.0 + 1.596 (p « 0.02) and TPF to 
96.2 + 1.1% (p < 0.05) of control. The increases in F 
and dF/dt produced by PC were inhibited by pro- 
pranolol (Fig 4). PC did not alter TPF in the presence 
of propranolol. The decreases in F and dF/dt pro- 
duced by metocurine in its commercial form as Me- 
tubine were similar to those produced by its preserv- 
ative, phenol, at comparable concentrations (Table 2). 


Discussion 


The isolated heart muscle preparation is useful in 
evaluation of the effects of drugs upon myocardial 
contractility, because such a preparation allows pre- 
load and afterload to be controlled and because it is 
free of the influence of neurohumoral responses. The 
results in the present study thus indicate that dTc and 
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FiG 4. Percent changes in F (isometric force) and dF /dt (the 
maximum velocity of force development) associated with the 
administration of pancuronium with (O- - -O) (n = 6) and 
without (@——®) (n = 7) 107° M propranolol. The differences 
between the values with and without propranolol are statistically 
significant at all concentrations of pancuronium studied (p < 
0.001). 
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INOTROPIC RESPONSES TO RELAXANTS 





TABLE 2 
Effects of Metubine (MTC) and Phenol upon Isometric Force and Maximum Velocity of Force Development (dF /dt)* 
Isometric force dF /dt 
ae (MTC) x 10? 2.5 tS 15.0 30.0 2.5 7.5 15.0 30.0 
n x 10? g/L 6.25 37.5 75.0 6.25 37.5 /5.0 
Metubine (MTC) (n = 7) 102.320.7 98.6208 91.5 £14 6422.4 102.2 Xx 1.3 98.5215 89.021.1 71.6 + 2.0 
Means + SE% 
Phenol (n = 4) 103.7 + 1.3 93.6218 8107222 109.7 & 1.7 90.8226 76.4 € 1.7 
Means + SE% 
p NS NS NS NS NS NS 


* Metubine contains 0.2 w/v% of metocurine with 0.5 w/v% phenol as a preservative. NS, p > 0.05 Metubine vs phenol. 


MTC exert a direct negative inotropic effect, that PC 
possesses a direct positive inotropic effect, and that 
AL and FZ have no direct effect upon myocardial 
contractility. 

A direct depressant effect of dTc upon myocardial 
inotropism has previously been reported.” * Dowdy 
et al’ demonstrated, however, that the myocardial 
depression produced by commercial preparations of 
dTc, including Amelizol, was caused by preservatives, 
not by dTc itself. Although we did not study chloro- 
butanol, the preservative of Amelizol, the experimen- 
tal technique used by Dowdy et al was close to ours, 
and the same drug from the same company was used 
in both studies. It is thus reasonable to speculate that 
the myocardial depression produced by Amelizol in 
this study is due to its preservative, chlorobutanol. 
Myocardial depression produced by MTC, a deriva- 
tive of dTc, also appeared, in this study, to be caused 
by its preservative, phenol, not by MTC itself. One 
of the characteristics of the dTc-mediated depression 
is the association of decreases in both speed (dF/dt) 
and duration (TPF) of contraction. We found, how- 
ever, that MTC decreases only the speed of contrac- 
tion. Furthermore, we found the degree of myocardial 
depression of dTc to be about 3 to 4 times greater 
than that of MTC, when compared at the equipotent 
concentrations. 

PC has been reported to have a positive inotropic 
effect in intact and in surgically denervated hearts.” 
The fact that the increase in F produced by PC is 
associated with an increase in dF/dt and a decrease in 
TPF, effects similar to those observed following ad- 
ministration of catecholamines,’ and the fact that 
propranolol inhibits PC-induced increase in myocar- 
dial contractility, as observed in the present study, 
suggest that the positive inotropic effect of PC may 
be mediated by beta-adrenergic receptor stimulation. 
On the other hand, Duke et alë reported that PC in 
concentrations from 10 ? to 10 ? g/L did not alter F 
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of isolated rabbit atrial strips. The reasons for this 
difference may be due to differences in experimental 
conditions. In the study of Duke et al, the concentra- 
tion of PC was relatively low and the intensity of 
electrical stimulation was supramaximal. That the 
isolated atrial strip preparation may be less sensitive 
to muscle relaxants is suggested by the fact that the 
study done by Dowdy et al* using isolated atrial strips 
showed less depression in F following administration 
of Amelizol than the depression of trabecular muscle 
observed in this study. Concentrations of PC used by 
Duke et al may not have been great enough to produce 
changes in F of atrial strips. Furthermore, strong 
electrical stimulation is known to be associated with 
release of catecholamines from nerve endings of iso- 
lated heart muscle in amounts adequate to produce 
increases in F and dF/dt.? During supramaximal stim- 
ulation a direct weak beta-adrenergic response might 
therefore be masked. Duke et al^ also speculated that 
PC possesses an atropine-like effect because acetyl- 
choline-induced depression of F was counteracted by 
PC in a cat ventricular papillary muscle preparation. 
However, acetylcholine-mediated depression of F can 
be counteracted also by a beta-adrenergic stimulant." 
Therefore, the possibility of a direct beta-stimulatory 
effect of PC cannot be ruled out in the study of Duke 
et al. 

The lack of inotropic effect associated with AL and 
FZ in the present study suggests that the decrease in 
systemic blood pressure and in stroke volume re- 
ported during clinical administration of AL'" or 
FZ'* ^ may be attributed to the effects of these com- 
pounds on the peripheral circulation. 

The serum concentration of dTc measured by ra- 
dioimmunoassay has been reported by Wingard and 
Cook? to be 9.6 x 10? g/L immediately after and 
3.86 X 10° g/L 2 minutes after the intravenous 
injection of 0.3 mg/kg in man. Serum concentrations 
of PC have been reported by Agoston et al." to be 


p 
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about 1.0 X 10 ? g/L 2 minutes after its injection in 
doses of 0.1 mg/kg. Since the decay curve of plasma 
concentration of PC is close to that of dTc,” the 
concentration of PC immediately after the injection is 
probably about 2.5 X 10? g/L, using Wingard's 
equation. Therefore, the estimated serum concentra- 
tions of 7.5 X 10? g/L dTc and 2.5 X 10? g/L PC 
used in this study are comparable to those reported 
within 2 minutes after the injection of these drugs 
under clinical conditions. Although serum concentra- 
tions immediately after the injection of bolus doses 
of MTC, AL, and FZ have not been measured, it is 
reasonable to consider that the estimated clinical se- 
rum concentrations used in this study are close to 
those present immediately after the injection of usual 
doses of these drugs in man. This study, therefore, 
suggests that concentrations of the five muscle relax- 
ants which would be anticipated in plasma following 
the injection of usual initial doses under clinical con- 
ditions produce only minor changes in contractility of 
an isolated heart muscle. Only when the concentra- 
tion of the relaxants is tripled does the myocardial 
depressant effect of dTc or the myocardial stimulatory 
effect of PC become evident in vitro. However, the 
results observed in this in vitro study should be 
modified when applied to the clinical practice since 
the presence of potent inhalational anesthetics or high 
doses of narcotics during general anesthesia might 
affect the myocardial actions of muscle relaxants. 

In summary, dTc and MTC exert a dose-dependent 
direct negative inotropic effect while PC possesses a 
direct positive inotropic effect mediated by the beta- 
adrenergic receptor stimulation. AL and FZ have no 
inotropic effects in the isolated heart muscle. The 
effects of dTc, MTC, and PC would, however, be 
expected to be trivial or absent following administra- 
tion of usual doses of these relaxants under clinical 


conditions in the absence of high concentrations of 
inhalation anesthetics or narcotics. 
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LEE, C., YANG, E., AND KATZ, R. L.: Predetermination of dose requirement of pancuronium. Anesth Analg 59:722-726, 
1980. 


The neuromuscular sensitivity of 71 patients (A.S.A. class | or Il) was tested by scoring on a scale from 1 to 6 the 
ability to lift the upper eyelid 2 minutes after pretreatment with 1 mg of pancuronium. Subsequently, each patient also 
received an additional ‘‘intubation dose'' of pancuronium (in milligrams) equal to the eye-opening test score (group l), 
or either 1 mg (group Il) or 2 mg (group III) in excess. The resultant depression of the neurally evoked muscle response 
of the little finger was quantified by another score (the response score) which allowed for assessment of neuromuscular 
block beyond the limit of 10096 depression of the twitch. The criteria for the response score, in the order of increasing 
magnitude of block, were: (1) visible twitch responses to all 4 of the train-of-four stimulation remained; (2) part of the 
train-of-four twitches was eliminated; (3) all twitches were eliminated; (4) tetanus was eliminated; (5) post-tetanic twitch 
following a 5-second 50 Hz tetanus was also eliminated; and (6) not even the post-tetanic twitch became elicitable 
again in 30 minutes. It was found that 1 mg of pancuronium depressed the eye-opening score to 4.0 + 0.2, from 5.1 
+ 0.1 (mean + SEM, p < 0.01). Following the additional ‘intubation dose’’ of pancuronium, patients in group | had 
an average response score of 2.2 + 0.3, those in group Il a score of 3.4 + 0.2, and those in group Ill, a score of 4.8 
+ 0.6. Each additional 1 mg of pancuronium (increasing from group | to III) linearly increased the average response 
score. In terms of frequency response, patients in group | had more than a 5096 chance of being scored 1, while those 
in group Il had a greater than 5096 chance of being scored 3, 4, or 5, and those in group Ill had more than a 5096 
chance of being scored 6. It is concluded that sensitivity to pancuronium can be quantified by the ptotic response to 
a 1-mg test dose of pancuronium, and that a sensitivity-adjusted additional ‘‘intubation dose” of pancuronium can be 
predetermined in individual patients. 


Key Words: NEUROMUSCULAR RELAXANTS: pancuronium. 





relaxant to effect by repeatedly giving small incre- 
ments. This alternative is sound under most circum- 
stances and is often advocated. But it is time consum- 


HEN pancuronium is used to produce relaxa- 
tion for intubation of the trachea, a fixed dose 
schedule such as 0.08 or 0.1 mg/kg is often used. 


Considering the individual variability in patients' re- 
sponses to a fixed dose of the non-depolarizing neu- 
romuscular blocking drugs this practice is not ideal. 
Depending on the dose schedule, a significant pro- 
portion of patients will either be over-paralyzed or 
under-paralyzed.' Ideally, each patient should first 
have his sensitivity to a relaxant determined and then 
receive a suitable dose. However, this is impractical 
under most clinical circumstances. An alternative 
method to allow a desired degree of neuromuscular 
block to be predictably produced is to titrate the 
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ing, unsuitable when rapid onset of paralysis is de- 
sired, and unnecessary if the individual's sensitivity 
is already known. We, therefore, made an attempt to 
predetermine with a clinical method dose require- 
ments of pancuronium in individual patients. 

The pretreatment of a patient with an intravenous 
infusion of 1 mg of pancuronium is an accepted 
practice while the patient is receiving preinduction 
oxygenation and sedation, usually for the purpose of 
avoiding fasciculation following administration of 
succinylcholine. Such pretreatment doses often pro- 
duce visible signs of neuromuscular block in the eyes 
without disturbing the patient. It therefore can be 
viewed as an effective and safe test dose. The amount 
of ptosis produced by the test dose would probably 
indicate the neuromuscular sensitivity of the patient. 
Based on the individual sensitivity, a large dose of 
pancuronium for a specific level of more profound 
block, such as that required for intubation of the 
trachea, may then become predictable. 


LEE, YANG, AND KATZ 


Methods 


Seventy-one observations were made on A.S.A. 
class I and II adult patients (age 42 + 19 years, weight 
67 + 14 kg; mean + S.D.) undergoing elective surgery. 
Premedication was not standardized, but each patient 
received atropine, 0.4-0.6 mg IV, and was sedated 
enough to be comfortable but readily arousable. Typ- 
ically a patient received a total of 2 mg/kg of meper- 
idine, of which 50 mg or 75 mg was injected intra- 
muscularly within the previous hour, the balance 
being given intravenously prior to induction of anes- 
thesia. 

Each patient was first instructed to open both eyes 
as wide as possible while looking straight ahead to- 
ward the ceiling at a finger positioned approximately 
50 cm in front of the eyes. The process was repeated 
2 minutes after pancuronium, 1 mg, was given intra- 
venously. The width of eye-opening was scored ac- 
cording to the patient's ability to lift the upper eyelid. 
Depending on how high the margin of the upper 
eyelid was lifted, relative to the iris and the pupil, the 
score was as follows (Fig 1): (1) upper eyelid lifted to 
the lower margin of the pupil; (2) partial exposure of 
the pupil; (3) upper eyelid lifted to the upper margin 
of the pupil; (4) partial showing of the iris (5) upper 
eyelid lifted to the upper margin of the iris; (6) upper 
eyelid lifted high enough to show sclera above the 
iris. 

The eye-opening score (ES) is thus the reverse of 
levator palpabrae sensitivity. After the 1 mg of pan- 
curonium, patients sometimes showed an initial wide 
opening which was followed by fading of the eyelid 
to a lower level; for this reason the width of eye- 
opening was determined at the end of 1 second of 
continuous effort to open the eyes. 

The patient then received thiopental, 4 mg/kg IV, 
followed immediately by manually controlled venti- 
lation with 50% N2O in O» and by an additional dose 
of pancuronium. This additional dose was independ- 
ently determined according to usual dose schedules, 
such as 0.08 mg/kg or 0.1 mg/kg, and rounded to the 
nearest integral number of milligrams. For this study 
the additional dose given was later translated as being 
ES, ES + 1 mg, or ES + 2 mg, ES being the eye- 
opening score determined after the 1-mg test dose. 
The patients were then said to belong to group I, II, 
or III, respectively. In other words, group II included 
all those patients who had an eye-opening score of 4 
and received an additional 5 mg, or those with an eye- 
opening score of 5 who received an additional 6 mg 
of pancuronium, and so forth. There were 27 patients 
in group I, 35 in group II, and 9 in group III. Thus, 


patients in the same group might receive different 
doses, but because the difference was “sensitivity- 
adjusted," they were expected to have a similar degree 
of block. 

Four minutes after the injection of all pancuronium, 
1 mg/kg of thiopental was added intravenously, and 
intubation of the trachea was attempted. While the 
intubating anesthesiologist made an assessment of the 
relaxation of the jaw, a separate observer watched for 
abdominal movement of the patient in response to 
intubation of the trachea. Commencing from induc- 
tion of sleep, the ulnar nerve was stimulated supra- 
maximally with a commercially available neuromus- 
cular block monitor and a pair of conductive needle 
electrodes placed subcutaneously, and twitch and te- 
tanic responses of the little finger observed. To ascer- 
tain that the little finger was moving as a result of 
incomplete blockage of neuromuscular transmission, 
rather than as a result of direct stimulation of the 
muscles in the vicinity of the stimulating electrodes, 
the stimulating electrodes were positioned no farther 
than 5 cm apart and both at the elbow. The maximal 
depression of neuromuscular transmission subse- 
quently observed was rated as follows, in the order of 
increasing depression: (1) muscle twitch was ob- 
viously depressed but all twitches of the train-of-four 
remained visible; (2) part of a train-of-four was elim- 
inated; (3) all twitches were eliminated, i.e., 10096 
block of the single twitch; (4) tetanic response was 
also eliminated; (5) post-tetanic twitch was also elim- 
inated, i.e., no evidence of neuromuscular transmis- 
sion of any kind could be elicited; (6) no evidence of 
neuromuscular transmission of any kind could be 
elicited, and in addition neither the post-tetanic twitch 
reappeared in 30 minutes nor did the single twitch 
return in 45 minutes. 

This score, referred to as response score, extended 
our ability to quantify neuromuscular block beyond 
the limit of 10096 depression of the twitch. Twitch 
stimulus was applied at 10-second intervals. Train-of- 
four stimulation was applied not oftener than once 
every 12 seconds. Tetanic stimulation, 50 Hz train of 
stimuli continued for 5 seconds, was not applied 
unless the twitch was eliminated and was not repeated 
until 30 minutes after injection of all doses of pan- 
curonium. Any twitch response following the tetanus 
within 1 minute counted as post-tetanic twitch. In 
those patients who failed to respond to the tetanic 
stimulation at the 30-minute point, twitch response 
was noted again at the 45-minute point. During the 
study, only nacrotics and N2O were used as anes- 
thetics. 
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PANCURONIUM REQUIREMENTS 


Results 


The 1-mg test dose of pancuronium caused ptosis 
which was evident on inspection of the eye in 65 of 
the 71 observations. The eye-opening score decreased 
from the control value of 5.7 + 0.1 to 4.0 + 0.2 (Fig 1, 
p < 0.01). In other words, the average patient could 
lift the eyelid above the iris (eye-opening score above 
4) before the test dose, but was no longer capable of 
doing so (eye-opening score 4 or less) after the test 
dose. 

The effect of the large additional dose of pancuron- 
ium is shown in Fig 2. In terms of frequency response, 
patients in group I (N = 27) had more than a 50% 
chance of being blocked to the response score of 1, 
having clearly diminished twitch but preserving all 
four of the train-of-four twitches. Patients in group II 
(N = 35) had more than a 50% chance of being 
blocked to the response score of 3, 4, or 5, having a 
total block of the twitch but without total block of the 
tetanus or the post-tetanic twitch. No patients in the 
two preceding groups had a response score of 6. In 
other words, all still had or regained evidence of 
neuromuscular transmission within 30 minutes. Pa- 
tients in group III (N = 9) had more than a 50% (5/9) 
chance of failing to show any sign of neuromuscular 
recovery within 30 minutes and thus scoring 6. In 
terms of magnitude of block, the average response 
scores were: group I, 2.2 + 0.3, i.e., subtotal block of 
the twitch with total train-of-four fade; group II, 3.4 
+ 0.2, ie. total block of the twitch but not of the 
tetanus; and group III, 4.8 + 0.6, i.e., total block of all 
evidence of neuromuscular transmission, including 
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Fic 1. Before pancuronium, 1 mg IV, the average patient was 
able to open the eye so that the margin of the upper eyelid (a) 
was above the upper margin of the iris (D) and had an average 
eye-opening score of 5.7 + 0.1. After pancuronium, the eyelid 
could be lifted to a level just above the upper margin of a mid- 
sized pupil (c) but below b, with the mean eye-opening score of 
4.0 + 0.2 (mean + SEM, p < 0.001). 
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tetanic and post-tetanic twitch. The longest duration 
of total elimination of all evidence of neuromuscular 
transmission occurred in the case illustrated below. 
All other patients had visible twitch within 1 hour. 
This included the other four patients (all in group III) 
who had a response score of 6 and thus had no visible 
twitch for up to 45 minutes. 

In none of the patients was there diffculty in intu- 
bating the trachea as the result of poor relaxation. 
Visible abdominal movement during intubation of the 
trachea occurred in 30%, 9%, and 0% of patients in 
groups I, II, and III, respectively. 


Case Report 


A 21-year-old woman, weighing 55 kg, was anesthetized 
for split-thickness skin graft to the right arm 7 weeks after 
a 1096 burn to the right arm and right breast. She was 
otherwise healthy. She was premedicated with meperidine, 
30 mg, and diazepam, 5 mg IM, 40 minutes before induction 
of anesthesia. She also received an additional 30 mg of 
meperidine intravenously before she received 1 mg of pan- 
curonium as the test dose. Her eye-opening score (ES) 
decreased to 3 from the pretestvalue of 6. After the test 
dose, she received 5 mg of pancuronium, i.e., a total of 6 
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FiG 2. Dose-response relationships of pancuronium-induced 
neuromuscular block. Dose of pancuronium was sensitivity ad- 
justed, according to patient's ability to lift the upper eyelid 2 
minutes after a 1-mg test dose, given intravenously. If a patient 
could lift the upper eyelid to the upper margin of the iris after 
the test dose, he would have an eye-opening test score (ES) of 
5. and would belong to dose-group |, Il, or Ill depending on 
whether he subsequently received an additional 5 (ES), 6 (ES 
+ 1), or 7 (ES + 2) mg of pancuronium, to a total of ES + 1, ES 
+ 2, or ES + 3 mg, as shown on the horizontal axis. Mode is 
shown as the tallest column, mean and median as indicated. 
Patients in group | had more than a 50% chance (median) of 
having the degree of neuromuscular block scored 1; corre- 
sponding values in patients in group Il were 3, 4, or 5 and, in 
patients in group III, 6, on the response score defined in the text. 
The effect of each additional milligram of pancuronium can be 
discriminated by the score used in the study, as shown by the 
linear increase of the mean response between groups |, Il, and 
Ill (p < 0.01 among groups). 
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mg or 0.11 mg/kg, for intubation of the trachea. This was 
ES + 2 mg additional or ES + 3 mg total, and therefore she 
belonged to group III. This so-called “normal intubation 
dose of pancuronium” eliminated all evidence of neuro- 
muscular transmission. Sixty-five minutes elapsed before 
an equivocally discernible post-tetanic twitch was observed. 
Trial reversal using 5 mg of neostigmine over the next 15 
minutes restored a clearly visible but still weak twitch, an 
ability to open eyes to the level of mid-pupil, a tidal volume 
of 50 ml, a vital capacity of 150 ml, and a weak squeeze of 
hand, but the patient remained unable to lift her head. She 
was sedated and ventilated artificially. She required another 
40 minutes of ventilatory assistance, for a total of approxi- 
mately 2 hours. 


Discussion 


Variability of neuromuscular sensitivity among the 
general patient population is well known. Adjustment 
of the dose to the individual’s overall sensitivity will 
make it unnecessary to make separate adjustments 
for body weight, body build, and other factors such 
as shelf deterioration of the drug preparation or prior 
administration of magnesium, diazepam, or antibiot- 
ics with neuromuscular blocking properties. To assess 
the overall sensitivity of each patient, a pretest with 
a fixed dose of the drug will take all these variables 
into consideration. Pancuronium, 1 mg IV, appeared 
to be a safe and effective test dose for judging neu- 
romuscular sensitivity, and the width of eye-opening 
provides for an objective semiquantitative measure- 
ment. For this purpose, a ruler may be used, but the 
natural boundaries of the iris and the pupil are more 
convenient to use and will automatically compensate 
for the variable eye size of the individual. 

Savarese and Ali have determined the dose require- 
ment of a threshold block of the thumb twitch, de- 
fined as a dose required for visible train-of-four fade.t 
They have also shown that the threshold block dose 
predicts the individual's dose requirement for tracheal 
intubation (90% to 99% block of twitch), which hap- 
pens to be 3 times the threshold dose.t We agree with 
Savarese and Ali that an individual's dose require- 
ment for a profound block may be predicted from his 
response to a small dose of the same relaxant. Instead 
of trying to find a threshold dose for a certain effect, 
time and effort are saved by giving a standard test 
dose and utilizing the unique sensitivity of the eyelid 
to quantify the response. Unlike nerve stimulation, 


t]. J. Savarese, personal communication, Savarese JJ, Ali HH: 
Accurate prediction of individual metocurine dosage by clinical 
observation of “threshold fade” on train-of-four stimulation, ab- 
stract presented at the 1977 Annual Meeting of the American 
Society of Anesthesiologist (pp 313-314). 


which is uncomfortable, eye opening can be scored 
with the patient awake. However, excessive sedation 
should be avoided because “sleepiness” following 
sedation may be confused with ptosis. 

Two observations can be made from our results: 
(1) patients belonging to each dose-group responded 
quite similarly; and (2) patients belonging to different 
dose groups responded differently, and thus while an 
additional 1 mg of pancuronium decisively improved 
relaxation it also increased the probability of failure 
to reverse the block within 1 or 2 hours. The first 
observation occurred because the “intubation dose" 
had been sensitivity adjusted. In other words, patients 
with more sensitive levator palpabrae also had more 
sensitive thumb twitch responses and vice versa. This 
allows for prediction of dose-requirement for intu- 
bation from the response to the test dose. The second 
observation indicates that our response score is ca- 
pable of discrimination between the groups and al- 
lows for discrimination of the effect of each additional 
milligram of pancuronium, even beyond the extent of 
total block of the twitch. Quantification of neuro- 
muscular block “beyond 100% block” of the twitch is 
impossible in the conventional sense. When referred 
to the single twitch, elimination of the fourth twitch 
of the train-of-four is approximately equivalent to 
75% block.” Conceptually, therefore, we suggest that 
elimination of the tetanus and elimination of the post- 
tetanic twitch be regarded as 125% and 150% block of 
the twitch, respectively. These two points may be 
useful in monitoring profound neuromuscular block. 
Absence of these indicators suggests that the patient 
has had a dose of neuromuscular blocker much 
greater than needed for 100% block of the twitch. 
Presence of these suggests that even if the block might 
be over 100% and difficult to reverse, spontaneous 
recovery to the point of easy reversal is in sight. 

To achieve a profound neuromuscular block with- 
out delay, such as required for intubation of the 
trachea in patients not given succinyl-choline, a fixed 
dose schedule varying from 0.08 to 0.15 mg/kg of 
pancuronium is often used. As a matter of fact, the 
dose of pancuronium each of our patients received 
was determined this way. We believe that such prac- 
tice can be improved by adjustment of the dosage to 
the individual’s neuromuscular sensitivity. As a rough 
guide, a dose (in milligrams) of pancuronium accord- 
ing to the eye-opening score, will, when given in 
addition to the test dose, produce profound but sub- 
total block. Though some 30% of patients may show 
visible abdominal movement on intubation, this dose 
is suitable if a potent inhalational anesthetic will be 
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added, or if the planned operation may be brief. One 
additional milligram of pancuronium will markedly 
reduce the possibility of abdominal movement during 
the intubation of the trachea but will not cause exces- 
sively prolonged block. Two additional milligrams of 
pancuronium further ensure profound relaxation, but 
the block may be too profound to be reversed at the 
end of the operation unless the operation lasts 2 to 3 
hours or longer. We cannot be accurate down to the 
0.5 mg of pancuronium nor do we think this is 
necessary in practice. We also realize that markedly 
constricted or dilated pupils may cause some diffi- 
culty in the assessment of the sensitivity. However, 
the difficulty would involve only a relatively small 
fraction of the total dose. 

In the case illustrated, a total of 6 mg of pancuron- 
ium was given, an amount generally considered an 
appropriate “intubation dose” for a 55-kg healthy 
subject. As a matter of fact, in all five patients who 
had a response score of 6, the total doses of pancu- 
ronium were appropriate according to the conven- 
tional dose schedule, i.e, 6 mg for 55 kg, 8 mg for 79 
kg, 7 mg for 64 kg, 7 mg for 78 kg, and 5 mg for 55 
kg of body weight in nonobese patients. Prolonged 
and profound block in these patients was predictable 


because the dose of pancuronium given was large in 
relation to their eye-opening score predetermined 
after the test dose, which was 3, 5, 4, 4, and 2, in that 
order. The patient with an eye-opening score of 2, a 
61-year-old woman, may be one of the so-called 
“subclinical myasthenics." She could show but half 
of her pupils after the test dose. If these patients had 
received 0.15 mg/kg of pancuronium, the resultant 
prolongation of block would have been tremendous. 

In summary, 1 mg of pancuronium is a reliable and 
suitable test dose for evaluation of the sensitivity of 
patients to pancuronium. The resultant minimal block 
can be quantified by the ptosis that ensues. An addi- 
tional dose of pancuronium adjusted to the individ- 
ual's sensitivity can then be administered to produce 
a profound paralysis suitable for intubation of the 
trachea. Beyond 10096 block of the twitch, a profound 
neuromuscular block can be semiquantitatively as- 
sessed by the presence or absence of tetanus or post- 
tetanic twitch. 
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Effect of Cardiac Output on Gas Exchange in ARDS 


The relationship between changes in cardiac output and intrapulmonary shunt associated with 
mechanical ventilation was evaluted in 20 patients with the adult respiratory distress syndrome 
(ARDS). The distribution of ventilation-perfusion (V4/Q) ratios and the level of intrapulmonary 
shunt was determined by the multiple inert gas technique. Pulmonary blood flow was distributed 
predominantly to either effective gas exchanging units or shunt units. Positive end-expiratory pressure 
(PEEP) or high tidal volume ventilation led to decreases in shunt and cardiac output without altering 
the overall pattern of Va/Q distributions. Changes in shunt and cardiac output were quantitatively 
and qualitatively similar and a strong correlation was found between changes in shunt and cardiac 
output with both PEEP and high tidal volumes (r — 0.76). Cardiac output depression associated with 
these modes of ventilation appears to be a mechanism of shunt reduction in ARDS. Interpretation of 
improvements in gas exchange in ARDS must take into account concomitant hemodynamic changes. 
(Dantzker DR, Lynch JP, Weg JG: Depression of cardiac output is a mechanism of shunt reduction in 
the therapy of acute respiratory failure. Chest 77:636 -642, 1980) 
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Myotoxicity of Local Anesthetics and Regeneration of 
the Damaged Muscle Fibers 


Andrew H. Foster, BS, and Bruce M. Carlson, MD, PhD 


FOSTER, A. H., AND CARLSON, B. M.: Myotoxicity of local anesthetics and regeneration of the damaged muscle fibers. 
Anesth Analg 59:727-736, 1980. 


In view of the documented myotoxic effects of the local anesthetic, bupivacaine, a survey of myotoxic effects of seven 
local anesthetics was conducted. In 70 rats, 200 ul of an anesthetic solution was injected into one tibialis anterior 
muscle and a control solution was injected into the contralateral muscle. The anesthetics fell into two groups in their 
effects upon muscle. One group, including 1% procaine, 0.2% tetracaine, 0.5% lidocaine, and 0.75% bupivacaine, 
produced effects that were confined principally to the muscle fiber. The other group (2% chloroprocaine, 0.25% 
dibucaine, 0.5% lidocaine with 1:200,000 epinephrine and 2% piperocaine) produced toxic effects on other tissue 
components of the muscles in addition to affecting muscle fibers. With all anesthetics, the initial damage to and 
breakdown of muscle fibers was restored by regeneration and 30-day muscles showed relatively few long-term effects 
of the damage. 


Key Words: ANESTHETICS, Local: myotoxicity; MUSCLE, Skeletal: local anesthetic toxicity; TOXICITY: local anes- 


thetics. 





CATTERED reports of myotoxic effects of local 

anesthetics in laboratory animals have been ap- 
pearing with increasing frequency during recent 
years." * In fact bupivacaine is so myotoxic that it is 
routinely used in the research laboratory for produc- 
ing degeneration of muscles in rats." A recent study 
from our laboratory has shown that single and re- 
peated doses of mepivacaine cause severe myotoxic 
effects, as well? It is well established, however, that 
in almost all cases of injury by local anesthetics or 
other means, the damaged muscle fibers regenerate 
to compensate for the tissue loss." " Much of the 
early screening for histotoxicity of local anesthetics 
was done in the period before there was widespread 
recognition of substantial regenerative potential of 
injured skeletal muscle. As a result, muscle damage 
followed by repair is seldom mentioned in discussions 
of adverse effects of local anesthetics. The purpose of 
the present study was to make a morphologic survey 
of the myotoxic effects of a variety of commercial 
preparations of local anesthetics. 
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Methods 


This experiment was conducted upon 70, 4- to 5- 
week-old (55 to 80 gm), female Sprague-Dawley rats 
(Charles River Farms). The rats were divided into nine 
groups. In each group, 200 ul of the anesthetic solu- 
tions listed in the Table was injected percutaneously 
into one tibialis anterior muscle. The contralateral 
tibialis anterior muscle of each rat was given the 
injection in the same manner and with the same 
volume of sterile 0.9% saline (pH 5.4) as a control for 
mechanical damage and pressure effects of the in- 
jected solutions. It has been previously shown? that 
mechanical trauma by the needle alone causes damage 
to insignificant numbers of muscle fibers. In one 
additional group of rats, the test muscles were given 
injections of a sterile solution of epinephrine (10 ug/ 
ml) in 0.996 saline. 

Of the anesthetics used, bupivacaine, procaine, and 
tetracaine were dissolved in 0.9% NaCl without pre- 
servatives and dibucaine was dissolved in 5% dextrose 
without preservatives. The carrier solution for chlo- 
roprocaine contained 0.496 sodium chloride, 0.296 so- 
dium bisulfite, and 0.196 methylparaben; that for lid- 
ocaine with and without epinephrine contained 8.0 
mg of sodium chloride and 0.5 mg of sodium meta- 
bisulfite per milliliter; and the carrier for piperocaine 
contained 8.7 mg of sodium chloride, 0.3 mg of po- 
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TABLE 
Anesthetic Solutions 


Generic name 





(USP) (hydro- Trade name Concentration Volume Chemical 
chloride salt) caas 
% n 

Bupivacaine Marcaine 0.75 200 Amide 
Chloroprocaine Nesacaine 2.0 200 Ester 
Dibucaine Nupercaine 0.25* 200 Amide 
Epinephrine (Adrenalin) 1:100,0001 100 
Lidocaine Xylocaine 0.5 200 Amide 
Lidocaine with Xylocaine 0.5 (with 1: 200 Amide 

epinephrine 200,000 

epin.) 

Piperocaine Metycaine 2.0 200 Ester 
Procaine Novocain 1.0 200 Ester 
Tetracaine Pontocainet 0.2ł 200 Ester 





* Heavy solution; each milliliter contains 50 mg of dextrose in water. 

+ 100 ul of 10 pg/ml solution in isotonic saline injected, which 
delivers same amount (5.0 ug/ml) of epinephrine as contained in 200 ul 
of lidocaine plus epinephrine (1:200,000) solution. 

i 0.2% solution prepared by dissolving 20 mg of tetracaine HCI 
crystals in 10 ml of 0.9% isotonic saline. 


tassium chloride, and 0.33 mg of calcium chloride per 
milliliter, along with 0.5% chlorobutanol. In this sur- 
vey we did not test the effects of the specific carrier 
solution for each anesthetic because it was the intent 
of the survey to test toxic effects of the anesthetic 
solutions as supplied commercially. Previous studies 
on both mepivacaine? and bupivacaine” have shown 
that the carrier vehicle does not elicit the toxic effects. 

The injections were made with a l-in 27-gauge 
needle which entered the distal part of the muscle just 
above its junction with the tendon of insertion. The 
needle was then threaded proximally along the central 
muscle axis until the broad bony origin was reached. 
The anesthetic was injected into the muscle while the 
needle was being slowly withdrawn. The standard 
200-ul volume could be accommodated in the injected 
muscles without excessive leakage or buildup of in- 
tramuscular pressure. The injection technique was 
standardized by injecting 200 pl of trypan blue solu- 
tions (in 0.996 saline) into control rats and examining 
the distribution of dye within minutes after the injec- 
tions. 

One rat from each series was killed by an overdose 
of ether at 2, 3, 4, 5, and 7 days after anesthetic 
injection and two to three rats in each group were also 
killed after 30 days. At the time of sacrifice the gait of 
the rat and the gross appearance of the injected legs 
were noted. After fixation in situ with Bouin's solu- 
tion, the muscles were dissected free and both exper- 
imental and control muscles were weighed. The mus- 
cles were then cross-sectioned at 7 um and stained 
with Ehrlich's hematoxylin and eosin (H & E). For 
each muscle, serial histologic sections through the 
level of the lesion were examined. The lesions in the 
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short-term groups were extremely well defined and 
readily analyzable, but those of the long-term groups 
were more difficult to evaluate. Therefore, in the 
long-term groups, one of us (B.M.C.) examined non- 
labeled slides of muscles from all experimental groups 
plus controls in order to evaluate more objectively the 
completeness of recovery from the muscle damage. 


Results 


Degeneration and Regeneration of a Muscle Fiber 


After severe damage (mechanical, thermal, is- 
chemic, or chemical), a muscle fiber undergoes a 
degenerative phase, followed by the regeneration of 
a new muscle fiber.” The first reaction is an intrinsic 
degenerative phase which consists of the disruption 
of the bundles of myofilaments at the level of the Z- 
band, loss of integrity of mitochondria and sarco- 
plasmic reticulum and pycnotic changes in the myo- 
nuclei (Fig 1). The muscle fiber remains in this state 
until it becomes invaded by phagocytic cells. The 
phagocytes ingest large masses of debris from the 
damaged muscle fiber, leaving intact only the basal 
lamina surrounding the muscle fiber and a population 
of myogenic satellite cells," which serve as a source 
of newly regenerating muscle.'^ ? While the original 
muscle fiber is being removed, the satellite cells be- 
come activated to form myoblasts. The myoblasts 
then fuse into a multinucleated myotube, containing 
characteristic central chains of nuclei and newly form- 
ing bundles of contractile filaments. In time, the nuclei 
migrate to the periphery and the myotube becomes 
converted into a regenerating muscle fiber. 


Effects of Saline Injection 


Injections of control muscles with 200 pl of sterile 
isotonic saline produced consistent, limited lesions, 
with damage to 10 to 20 muscle fibers along the 
needle track in any given tissue section. The damaged 
muscle fibers degenerated within two days after in- 
jection and then regenerated. Control muscles exam- 
ined 1 month after injection showed no signs of 
preexisting damage. 


Effects of Local Anesthetics 


The anesthetic solutions that were tested fell into 
two major qualitative classes with respect to their 
effects on muscle tissue. In one class, the toxic effects 
appeared to be exerted on the muscle fibers alone, 
without histologically apparent effects upon other 
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FiG 1. Summary drawings of major phases in degeneration and 
regeneration of a single muscle fiber. A, Early ischemic damage. 
The nucleus is becoming pycnotic, with chromatin clumping 
inside the nuclear membrane. The mitochondria are swollen and 
the bundles of contractile filaments are breaking apart through- 
out the muscle fiber. B, Fragmentation phase. Macrophages 
associated with ingrowing vasculature enter the degenerating 
muscle fiber and remove bundles of contractile filaments and 
other cytoplasmic debris. Beneath the basal lamina, spindle- 
shaped myoblasts line up in preparation for the formation of new 
muscle fibers. C, Myotube. Beneath the original basal lamina 
myoblasts have fused to form a multinucleated fiber with bundles 
of newly forming contractile filaments at the periphery. D, Muscle 
fiber. The mature regenerated muscle fiber is in most respects 
indistinguishable from a normal muscle fiber. 


tissue components of the muscle. In the other class, 
the myotoxic effects were accompanied by damage to 
other components of the muscle, particularly blood 
vessels and nerves. Within either class, the extent of 
the reaction of the muscle varied considerably with 
the anesthetics that were used. At the level of the 
muscle fiber, the histologic reactions to all groups of 
anesthetics were similar. 


Local Anesthetics That Exert Principally Myotoxic 
Effects 


This group included procaine, tetracaine, lidocaine, 
and bupivacaine. Procaine (196) was the least myotoxic 
of all the anesthetics tested. In lesions that were little 
larger than those produced by saline injections, small 
groups of muscle fibers along the needle track showed 
early damage and phagocytic fragmentation 2 days 
after injection (Fig 2). By 4 days regenerating my- 
otubes filled the area of damage. Thirty days after 
injection of procaine the muscles were histologically 
indistinguishable from those of controls. 

Muscles given injections of tetracaine or lidocaine 
showed increasing areas of damage, but the amount 
of damage could still be classified as moderate, with 
less than 5096 of the muscle cross-section involved 
(Fig 3). The damage caused by these agents was 
confined, with minimal interfascicular spreading, and 
little proliferation of interstitial connective tissue fol- 
lowed. At 30 days, the persistence of central nuclei in 
the regenerating muscle fibers was the only consist- 
ently recognizable long-term sign of damage. 

In confirmation of previous studies," ^ " a single 
injection of bupivacaine produced massive damage, 
the lesion occupying up to 90% of the cross-sectional 
area of the muscle. Neither the vascular supply nor 
the nerves were visibly affected. As a result, the 
initially damaged muscle fibers were quickly broken 
down by a synchronous phagocytic reaction, and 
regenerating muscle fibers quickly appeared (Fig 4). 
In 30-day muscles of the group, muscle fiber regen- 
eration was virtually complete but numerous central 
nuclei persisted. 


Local Anesthetics with Widespread Toxic Effects in 
Muscle 


In addition to muscle fiber damage, the common 
pathologic feature seen in this group of anesthetics 
was early damage, whether direct or indirect, to the 
vasculature in the area of injection. This resulted in 
pockets of hemorrhage and also in a focus of ischemic 
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FiG 2. Lesion (arrows) 2 days after injection of 1.0% procaine. 
The necrotic sarcoplasm of severely damaged muscle fibers is 
being removed by macrophages (dark cells in lesion). Muscle 


necrosis in which the muscle fibers underwent the 
first stages of intrinsic degeneration and then re- 
mained in a stable degenerative condition until blood 
vessels, regrowing into the ischemic area, released 
phagocytic cells which caused the final fragmentation 
of the damaged muscle fibers. Fragmentation was 
followed by regeneration of new muscle fibers. Be- 
cause of the relationship with the ingrowing vascula- 
ture, regeneration of new muscle followed a spati- 
otemporal gradient, so that at any given time several 
stages of degeneration and regeneration could be 
seen. 

Three anesthetics, 2% chloroprocaine, 0.25% dibu- 
caine, and 0.5% lidocaine with 1:200,000 epinephrine, 
produced roughly similar lesions, and the subsequent 
course of repair was similar as well. During the first 
few days after injection, the muscles treated with 
these anesthetics demonstrated prominent zones of 
ischemic necrosis, with obvious damage to the vas- 
culature in that area (Fig 5). In a typical ischemic 
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fibers of reduced diameter are visible in the surrounding area 
(lower left). The integrity of nearby blood vessels (*) has been 
maintained. H & E. 130x. 


lesion, revascularization was largely completed by the 
end of the 1st week, and resolution of the muscle 
damage was accomplished by the cellular mechanisms 
outlined in the beginning of this section. In larger 
lesions, however, traces of ischemic original muscle 
fibers were present at the end of the 1st week after 
injection. 

The reaction of the muscles to injection of lidocaine 
with epinephrine was more severe than that which 
followed an injection of lidocaine alone. A control 
experiment, in which equivalent amounts of epineph- 
rine alone were administered, revealed small multi- 
focal lesions with rapid degeneration and regeneration 
of muscle fibers but no evident vascular damage. 
Muscles 30 days after epinephrine injection alone 
were indistinguishable from normal. 

Of all the anesthetics tested, piperocaine caused the 
most severe muscle damage. Following injection, the 
rats exhibited local skin discoloration and a pro- 
nounced rapid trembling for at least 1 hour. Following 


x 
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Fig 3. Muscle damage 2 days after injection of 0.5% lidocaine 
solution. There is survival of a few muscle fibers (arrow) within 


injection of piperocaine, and only following the injec- 
tions of piperocaine, the feet on the injected side in 
this experimental series alone were held in complete 
extension for the first 4 days after injection. Injected 
muscles examined during the 1st week were grossly 
ischemic and contained hemorrhagic areas. Histolog- 
ically, the muscles injected with piperocaine were 
characterized by almost complete destruction and 
necrosis of the muscle fibers, nerves and blood vessels 
(Fig 6, B). Fewer than 5% of the muscle fibers survived 
intact (Fig 6, A). The early histologic picture was 
dominated by the gradual resolution of massive areas 
of muscular necrosis and the replacement of the ne- 
crotic muscle fibers by regenerating ones. There was 
a general pattern of spread of phagocytic and regen- 
erative activity from areas containing a few surviving 
muscle fibers and unaffected blood vessels. In addi- 
tion, muscles injected with piperocaine differed from 
other muscles in this experiment by a greater amount 
of connective tissue deposition in the area of severe 
damage. At 30 days the injected muscles, although 


the damaged area. Comparable damage resulted from injection 
of 0.296 tetracaine. H & E. 82x. 


surrounded by an unusually dense sheath of connec- 
tive tissue, contained large numbers of regenerating 
muscle fibers of nearly normal size (Fig 7), but some 
scattered areas of thin muscle fibers and persisting 
connective tissue remained. 


Discussion 


In recent years several laboratories have demon- 
strated that exposure to selected local anesthetic 
agents, often as a result of subcutaneous injections, is 
followed by a surprising amount of degeneration of 
muscle fibers. The severe myotoxic effects of bupi- 
vacaine have been well documented,” '^ 5 and the 
effect of lidocaine both with and without epinephrine 
is receiving increasing attention." ^? Damage to 
skeletal muscle by tetracaine,” and prilocaine,* and 
mepivacaine” has also been documented in individual 
studies. The present study, employing a standard 
means of injection into a muscle and directly com- 
paring the effects of equivalent volumes of commer- 
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FiG 4. Field of regenerating myotubes resulting from injection 
of 0.7596 bupivacaine solution 7 days previously. Almost all of 


cially available preparations, provides a useful com- 
parison of the relative effects of these anesthetics in 
vivo and could be used as the basis for systematic 
studies of myotoxic effects of anesthetic or other 
chemical agents. 

There is now increasing evidence that skeletal mus- 
cle is a much more labile tissue than was recognized 
in the past and that muscle fibers respond to a wide 
variety of insults, including local anesthetics, not only 
by degenerating but by regenerating. There is now 
little doubt that many of the older reports of anes- 
thetic — histotoxicity/^ "^ mistook regenerative 
changes for denervation atrophy or other changes not 
involving the destruction and reformation of muscle 
fibers. The present study was demonstrated that sin- 
gle injections of a wide variety of local anesthetic 
agents cause varying degrees of degeneration, which 
is followed by remarkably complete regeneration of 
the damaged muscle fibers. In only the most severe 
cases of damage did small foci of connective tissue 
mark the site of the original lesion. 
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the muscle fibers have broken down and are synchronously 
regenerating. H & E. 82x. 


None of the patterns of degeneration and regener- 
ation seen in this experiment appeared unique to any 
particular anesthetic, nor was there any correlation 
between the two major classes of toxic effects (my- 
otoxicity or more widespread histotoxicity) and the 
chemical classes of the local anesthetics. Of the an- 
esthetics that produced myotoxic effects, two were 
esters and two were amides. Of those which produced 
more widespread histotoxicity, there were also two 
from each chemical class. The common denominator 
in all of the experimental series was the degeneration 
and fragmentation of individual muscle fibers and the 
regeneration of new muscle fibers within the persist- 
ing basal laminae of the old muscle fibers. 

Except for degree, the reactions of muscle to the 
myotoxic drugs procaine, tetracaine, lidocaine, and 
bupivacaine were very similar. Degeneration and 
fragmentation were synchronous throughout the area 
of damage, and subsequent regeneration reestablished 
an almost normal-appearing population of replace- 
ment muscle fibers by 30 days. 


Ta 
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Fic 5. Low power cross-section of muscle given injection of 
0.25% dibucaine (heavy solution with dextrose) 2 days earlier. 
The lower one fourth of the muscle (within dotted line) has 
undergone ischemic necrosis due to vascular damage. Between 


Muscles that had been given injections of chloro- 
procaine, dibucaine, piperocaine, and lidocaine plus 
epinephrine reacted in a more complex manner. The 
factor that accounted for the difference between this 
and the former group of anesthetics was the formation 
of zones of ischemia in the areas of injection. All of 
the reactions (e.g., extravasation of erythrocytes, the 
gradient of degeneration and regeneration) are logical 
sequelae of an initially avascular lesion in a muscle. 
In fact, except for the extravasation of erythrocytes, 
which is a function of the muscles being connected to 
the vasculature, the other pathologic features seen in 
this group are very similar to those seen in a free 
muscle graft. The histotoxicity of piperocaine was 
so severe that obvious degeneration of nerves accom- 
panied the destruction of blood vessels and muscle 
fibers. In addition, the lesions produced by pipero- 
caine were regional rather than being confined to the 
injected muscle. 

In view of the relatively moderate toxicity of both 
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the ischemic area and the normal muscle (dashed line) is an 
area of muscle fiber fragmentation and early regeneration. In- 
jection of 2.096 chloroprocaine resulted in comparable damage. 
H&E.37x. 


lidocaine and epinephrine alone, the severe effect of 
lidocaine plus epinephrine was surprising, particu- 
larly with regard to the creation of an ischemic lesion. 
There are two main possibilities that could account 
for the ischemic lesion produced after the injection of 
lidocaine plus epinephrine. One is that the vasocon- 
striction resulting from the epinephrine prolonged the 
clearance time of the anesthetic. The other is that the 
presence of the lidocaine prolonged the vasoconstric- 
tive effects of the epinephrine, causing ischemia in 
that manner. It has been established" that after a few 
hours of ischemia in the rat myonuclei become pyc- 
notic. 

This experiment was designed to demonstrate the 
presence or absence of myotoxic effects of clinically 
available local anesthetics rather than to reveal spe- 
cific mechanisms of myotoxicity. Studies on short- 
term effects of some anesthetics on muscle have re- 
vealed swelling, myofilament disruption, membrane 
changes, and loss of enzyme activity (e.g., phospho- 
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Fic 7. Field of regenerating muscle fibers 30 days after injec- 
tion of 2.0% piperocaine. The persistence of centrally located 
nuclei in virtually all muscle fibers is an indication of the massive 


rylase) within minutes, and cellular infiltrates within 
hours after injection of lidocaine and bupivacaine into 
rat muscle.” '*'? Schultz and Lipton™* have demon- 
strated irreversible damage to myotubes and reversi- 
ble injury to myoblasts in culture after exposure to 
bupivacaine. To date, however, there has been little 
systematic effort to elucidate intracellular mecha- 
nisms of anesthetic-induced myotoxicity. 

Research reports that are now appearing indicate 
that a significant proportion of local anesthetics used 
in clinical medical and dental practice do cause dam- 
age to skeletal muscle fibers in experimental animals, 


anesthetic-induced damage seen earlier (Fig 6, A). Note the lack 
of connective tissue and the regular, nearly normal diameters of 
the regenerating muscle fibers in this area. H & E. 82x. 


4 


and one recent abstract* has reported similar lesions 
occurring in human muscle. Experiments involving 
muscle degeneration and regeneration in primates 
have shown that except for differences in rate (mus- 
cles regenerate more slowly in primates) there is a 
similarity between the reaction of rats and monkeys.” 
Therefore, there is a reason to suspect that the reac- 
tions of human muscles exposed to similar doses of 


* R. D. Bouncristiani, J. A. Yagiela, and P. A. Benoit in 1978 
Abstracts of the International Association for Dental Research, 
p 941. 





FiG 6. A, Muscle given injection of 2.096 piperocaine 2 days 
earlier showing the massive necrosis associated with this anes- 
thetic. In this cross-section, only a few scattered muscle fibers 
at the periphery and a small group (arrow) in the margin of the 
muscle have survived. Although large nerves and blood vessels 
at the periphery show no evidence of damage, those in the 
center of the ischemic muscle have undergone degeneration 


(see B). H & E. 31X. B, High magnification view of the central 
ischemic area in the muscle shown in box in A. Although much 
of the necrotic sarcoplasm of the muscle fibers remains intact, 
no muscle nuclei are visible. Both arteries (A) and veins (V) have 
undergone fibrinoid necrosis. The nerve (N) in the center of the 
field has been severely damaged. H & E. 520x. 
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local anesthetics would not differ greatly from those 
reported here. 

The weight of the experimental evidence suggests 
that in clinical situations cognizance should be taken 
of the possibility of local damage to muscle fibers in 
areas of anesthetic injection. This may be a basis for 
local symptoms of stiffness and pain reported by 
patients after injections of anesthetics. Of particular 
relevance is the apparently widespread practice of 
injecting local anesthetics into strained muscles of 
athletes. Possible myotoxic effects might well offset 
any short-term advantage gained by the injections. In 
our present state of knowledge, caution is recom- 
mended in advocating new procedures that involve 
the injection of large amounts of local anesthetics into 
muscle. 
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Afterload Reduction and Preload Augmentation 
Improve the Anesthetic Management of Patients with 
Cardiac Failure and Valvular Regurgitation 


J. Gilbert Stone, MD,* Paul F. Hoar, PhD, MD,* John R. Calabro, MD,7 
Michael A. DePetrillo, MD,} and Henrik H. Bendixen, MD 





STONE, J. G., Hoar, P. F., CALABRO, J. R., DEPETRILLO, M. A., AND BENDIXEN, H. H.: Afterload reduction and preload 
augmentation improve the anesthetic management of patients with cardiac failure and valvular regurgitation. Anesth 
Analg 59: 737-742, 1980. 


Data were collected from 17 patients with valvular regurgitation and ventricular failure who were about to undergo 
prosthetic replacement of an insufficient cardiac valve. Awake control hemodynamic measurements revealed that 
these patients came to the operating room with a high systemic vascular resistance of 38 units and low cardiac and 
stroke volume indices of 2.2 L/min/m? and 30 ml/beat/m*, respectively. A preanesthetic infusion of nitroprusside 
together with almost 2 L of lactated Ringer's solution caused vascular resistance to decrease to 19 units (normal) 
while filling pressures remained high. As a result, while the combined therapy continued, neither the induction of 
anesthesia nor surgical stimulation produced cardiovascular deterioration; in fact, cardiac index measured above 3.1 
L/min/m? and stroke volume index above 40 ml/beat/m^* throughout anesthesia and surgery. We conclude, therefore, 
that the combination of afterload reduction and preload augmentation provides the best possible environment within 
which to conduct the anesthetic management of patients with valvular regurgitation and ventricular failure. 


Key Words: HEART: myocardial function; ANESTHESIA: cardiovascular, ANESTHETIC TECHNIQUES: hypotension, 


induced. 





LTHOUGH ventricular failure secondary to val- 

vular regurgitation may appear well compen- 
sated or controlled therapeutically prior to operative 
intervention, a low output state and increased vascular 
tone still prevail." ? If during anesthesia additional 
surgically induced intense vasoconstriction cannot be 
overcome, further cardiovascular deterioration and 
even cardiac decompensation may result.” * Afterload 
reduction with nitroprusside has been shown to im- 
prove hemodynamic function during open heart sur- 
gery, but vascular resistance is rarely reduced to 
normal and thus pump function remains marginal.*” 
Potent vasodilators, like nitroprusside, can bring vas- 
cular resistance to normal, but they decrease preload 
as well as afterload? and unless filling pressures are 


* Assistant Professor. 

T Resident Fellow. 

t Professor and Chairman. 

Supported in part by National Institutes of Health grant GM- 
09069. 

Received from the Department of Anesthesiology, Columbia- 
Presbyterian Medical Center, New York, New York 10032. Ac- 
cepted for publication June 17, 1980. 

Reprint requests to Dr. Stone. 


sustained while vasodilation proceeds, stroke volume 
will not increase and tachycardia and hypotension 
will ensue.” ? Simultaneous afterload reduction and 
preload augmentation have been effective in intensive 
care situations, ° and theoretically this combined 
therapy should integrate advantageously into the an- 
esthetic management of patients with valvular regur- 
gitation and ventricular failure. However, documen- 
tation is lacking, and the technique has yet to gain 
acceptance. 


Methods 


Seventeen patients with valvular regurgitation and 
ventricular failure who were about to undergo open 
heart surgery comprised the study population. Four- 
teen had a single valvular lesion with pure or predom- 
inant regurgitation (seven aortic and seven mitral). 
Three others had bivalvular lesions and underwent 
double valve replacement. No patient had significant 
aortic or mitral stenosis. Angiography revealed de- 
pressed left ventricular performance and normal cor- 
onary arteries. The average age of the patients was 59 
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years; the range was from 31 to 71 years. There were 
10 men and seven women. Eight patients exhibited 
atrial fibrillation. Preoperative medications included 
digitalis and diuretics, and seven patients gave a his- 
tory of acute weight loss (10 to 20 Ib) in the 2 weeks 
preceding corrective valve replacement. On the day 
before surgery, all patients fit the A.S.A. physical 
status classification of III or IV. 

Premedication consisted of intramuscular mor- 
phine, 4 to 10 mg and scopolamine, 0.3 to 0.5 mg 
about 1 hour preceding arrival in the operating room. 
There, with supplemental nasal oxygen and continu- 
ous ECG monitoring, a 20-gauge cannula was inserted 
into a radial artery and a triple-lumen, balloon-tipped, 
thermodilution Swan-Ganz catheter was introduced 
through the right internal jugular vein and flow di- 
rected into the wedge position in a pulmonary artery. 
The balloon was then deflated. Pressures were meas- 
ured with Statham P23 ID transducers, displayed on 
an oscilloscope and recorded on a Hewlett-Packard 
eight-channel thermal tip strip chart recorder. Cardiac 
output was measured using the thermodilution tech- 
nique with an Edwards Laboratory cardiac output 
computer (model 9250) and recorded by the monitor- 
ing system. Measurements were repeated until three 
succeeding values agreed within 10%. 

Awake preanesthetic control measurements were 
made after suitable time had been allowed for steady 
state conditions to prevail. These included: heart rate 
(HR), systemic arterial pressure (AP), right atrial pres- 
sure (CVP), pulmonary artery pressure (PAP), pul- 
monary capillary wedge pressure (PCWP) and cardiac 
output (CO). In three of the patients with mitral 
regurgitation a v-wave of more than 10 torr above the 
mean PCWP was noted, and therefore the left ven- 
tricular filling pressure (LVFP) was considered to be 
the z-point of the PCWP tracing. Standard formulas 
were used to derive cardiac index (CI), stroke volume 
index (SVI) and systemic vascular resistance index 
(SVRI). SVRI was measured in units, a unit being 
defined as AP minus CVP divided by CI. 

Following the preanesthetic control measurements 
(#1), lactated Ringer’s solution was rapidly infused 
through two peripheral, large-bore intravenous lines, 
and an infusion of sodium nitroprusside was started. 
When initial ventricular filling pressures were low 
(CVP «5 torr or LVFP <10 torr), 500 ml of preload 
augmentation preceded the start of afterload reduc- 
tion. The nitroprusside was administered as a 0.02% 
solution by a Holter infusion pump. It was always 
begun slowly and increased gradually to avoid sys- 
temic hypotension. Initially all patients showed signs 
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of vasodilation and some felt chilled and requested 
extra blankets. Frequent determinations of vascular 
resistance were made at the onset, as the combined 
therapy was titrated to decrease SVRI to about 20 
units while maintaining filling pressures of approxi- 
mately 10 torr (CVP) and 20 torr (LVFP). This was 
accomplished with between 1.5 and 2.0 L of crystal- 
loid and a nitroprusside infusion rate which averaged 
2.2 ug/kg/min. Once established both infusions were 
run simultaneously and continuously through the 
induction of anesthesia and then intraoperatively until 
cardiopulmonary bypass. A repeat set of awake meas- 
urements (#2) was made just prior to the induction 
of anesthesia. 

Morphine, 0.5 to 1 mg/kg, was given slowly in 
divided doses while the patients breathed oxygen by 
mask. In twelve patients, diazepam, 5 to 10 mg, was 
added to induce unconsciousness or amnesia. Intu- 
bation of the trachea was facilitated by metocurine, 
30 to 40 mg. Anesthesia was maintained with mor- 
phine (total dose 1 to 2 mg/kg) and supplemented 
with nitrous oxide 0 to 50%. Ventilation was con- 
trolled and the arterial carbon dioxide partial pressure 
kept close to 40 torr. The nitroprusside infusion was 
continued during the induction and stabilization of 
anesthesia although in most patients the rate of infu- 
sion was reduced (mean of 1.3 ug/kg/min). No patient 
required a vasopressor. Fluid augmentation continued 
so that just prior to the incision, the cumulative 
volume of infused fluid totalled between 2.8 and 4.0 
L. At this point, while the skin was being cleansed, a 
third set of measurements was obtained (#3). 

The chest was opened through a median sternot- 
omy and the pericardium incised. The final measure- 
ments were made after a steady hemodynamic state 
had been reestablished but well before cannulation 
for cardiopulmonary bypass (#4). Estimated blood 
loss to this point was less than 100 ml in all patients, 
and a cumulative total of between 3.2 and 5.1 L of 
lactated Ringer’s solution had been given. A higher 
infusion rate of nitroprusside (3.7 ug/kg/min) was 
required to maintain SVRI at about 20 units, and this 
was continued until the institution of hypothermic 
cardiopulmonary bypass. Urinary output, hematocrit, 
and arterial blood gases were monitored periodically. 

Institutional approval of the investigation and in- 
formed consent from the patients were obtained. Each 
patient served as his own control, and data from 
different periods were compared by a paired t-test. 
Data from these patients were also compared to data 
from a previous study,’ and this comparison was 
handled by an unpaired t-test. Random sampling 
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TABLE 
Hemodynamic Profiles at Four Measurement Periods (n = 17)* 
1 2 3 ve 
Awake control Awake Anesthesia ee 

Nitroprusside infusion rate (ug/kg/min) — Zu 0:3 14.3204 3.7 20:6 
Cumulative fluid infused (L) —- L3 $0 3.2 20.2 4.0 € 0.2 
Heart rate (beats/min) 78 X4 82 t4 764 81+4 
Mean arterial pressure (torr) 86 + 4+ tot 3 66+ 3 76+3 
Vascular resistance index (units) 38 + 3t 18 +2 19 t 1 23 + 1 
Stroke volume index (ml /beat/m^) 30 + 3t 46€+3 41+2 40+3 
Cardiac index (L/min/m^?) 2.2 € 0.11 3.8 + 0.3 dU x02 3.2 X 02 
Left ventricular filling pressure (torr) 20 42 2] 42 19 +1 17 42 
Central venous pressure (torr) os TF as 1 TO x 1 731 





* Values are means + SE. 


+ Control different from all subsequent measurements, p < 0.05. 
+ Control different from all subsequent measurements, p « 0.001. 


from a single population would have been a far better 
study design. However that error was not recognized 
until the data had already been obtained, and at that 
point we felt uncomfortable about repeating the study 
and submitting those assigned to the control group to 
less than ideal care. 


Results 


The awake control measurements in the Table show 
that preoperatively cardiac and stroke volume indices 
were low, and systemic vascular resistance was almost 
twice normal (normal — 20 to 25 units). The severity 
of the left ventricular failure and the magnitude of the 
valvular regurgitation are also indicated by the high 
left ventricular filling pressure. However, the CVP 
was only 5 torr as most of these individuals had been 
on chronic diuretic therapy and seven had undergone 
recent rapid diuresis of more than 1096 of their body 
weight. 

Prior to the induction of anesthesia, simultaneous 
afterload reduction and preload augmentation de- 
creased vascular resistance to normal and brought 
about an increase in stroke volume of 35% and an 
increase in cardiac index of 4296. Anesthesia was then 
begun with both fluid and nitroprusside still running. 
During induction there were no precipitous decreases 
in arterial pressure, and intubation was accomplished 
with little increase in arterial or wedge pressure. With 
continuing combined therapy cardiac and stroke vol- 
ume indices remained significantly above control (p 
« 0.001) and within normal limits both during the 
anesthetic measurements and those made following 
surgical stimulation. ! 

The hemodynamic effect of our combined therapy 
may be compared to that achieved in a matched group 


of patiemts studied by us under the same anesthetic 
and surgical conditions, but given nitroprusside with- 
out fluid augmentation. If one examines only the 
control «nd operative periods, the beneficial effect of 
fluid augmentation and more complete afterload re- 
duction becomes evident. The Figure shows that the 
preindu-tion control data in both groups were vir- 
tually identical, and thus confirms our clinical impres- 
sion that these two groups were comparable. Repeat 
measurements were obtained from both groups at the 
same point during the operation when we believed 
that there was an equal level of surgical stimulation 
and anesthetic obtundation. In the previous study," 
without fluid loading (Figure, group I), nitroprusside 
infused _ntraoperatively prevented vascular resistance 
from increasing above and cardiac index from de- 
creasing below their preoperative levels. However, 
stroke volume fell and heart rate rose during surgery. 
With preload augmentation (Figure, group Il) it was 
possible to bring systemic vascular resistance all the 
way down to normal without inducing hypotension 
or tachycardia, and thus cardiac index increased by 1 
L/min/m^* and stroke volume index increased by 10 
ml/beat/m^, both to within the normal physiologic 
range. In each case, the difference between the change 
in that parameter was statistically significant (p « 
0.001). 

With rapid crystalloid administration (current 
data), urinary output was brisk and averaged 500 ml 
(range 300 to 1100 ml) prior to cardiopulmonary 
bypass. The hematocrit decreased from a mean pre- 
operative level of 40% to 26% with the additional 
hemodiution of bypass. Potassium supplementation 
obscured knowledge of the level to which the serum 
K* world have fallen. Eight patients received intra- 
operati-e or postoperative diuretic therapy. The mean 
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FIGURE. Hemodynamic comparison of two groups of patients 
with ventricular failure and valvular regurgitation given nitro- 
prusside. Group II differed from group I? in that the patients in 
group Il received additional fluid augmentation while group | 
received only replacement therapy. Open bars, awake control; 
shaded bars, during surgery with nitroprusside infusion alone; 
stippled bars, during surgery with nitroprusside and fluid aug- 
mentation. Vertical lines indicate SEM; n — 17 for each group. 
The quantitative change from control to therapy differed between 
the two groups in all four parameters (p < 0.001, unpaired t- 
test). 


weight gain incurred on the day of surgery was 3.4 
kg, or 5% of total body weight, and 5% is the average 
operative weight gain in our institution when preload 
augmentation is not carried out prior to bypass. Only 
one patient required ventilation beyond the first post- 
operative day, and this individual had severe preop- 
erative pulmonary hypertension. No patient had an 
arterial Po, of less than 100 torr at any time during 
anesthesia or in the immediate postoperative period. 


Discussion 


The anesthetic management of open heart surgical 
patients with ventricular failure secondary to valvular 
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regurgitation presents one with three difficult simul- 
taneous pathophysiologic problems: (1) impaired left 
ventricular performance, (2) increased systemic vas- 
cular resistance, and (3) altered circulating blood vol- 
ume. 

When patients with aortic or mitral regurgitation 
succumb to heart failure and ventricular dilation, they 
show substantial myocardial damage and a depressed 
inotropic state." ^ Contractility and cardiac function 
are further impaired by potent general anesthetics’” 
which are thus best avoided, since they increase the 
risk of cardiovascular collapse. The various forms of 
light anesthesia do not per se depress the myocar- 
dium, but with surgical stimulation vasoconstriction 
becomes intense and the heart may decompen- 
sate.” * Previously our group demonstrated that dur- 
ing cardiac surgery under morphine anesthesia, pa- 
tients with valvular regurgitation developed a sys- 
temic vascular resistance which was twice normal and 
which inhibited ventricular ejection to such an extent 
that cardiac output and stroke volume were reduced 
by 60% in patients with mitral regurgitation and by 
50% in patients with aortic regurgitation.* Blood pres- 
sure may be maintained by light anesthesia, but it is 
maintained at the expense of pump function. 

When the heart fails, the cardiac output becomes 
much more dependent upon the afterload.! To over- 
come a high outflow impedance, an extra forceful 
contraction is necessary and the failing heart rarely 
possesses such power.” Afterload has an additional 
influence over cardiac output when failure emanates 
from valvular regurgitation.” In that situation an in- 
creased systemic vascular resistance also causes a 
larger portion of the stroke volume to regurgitate 
back through the insufficient cardiac valve and thus 
forward flow is doubly impaired. Conversely, after- 
load reduction decreases both outflow impedance and 
the regurgitant fraction, and enhances forward cardiac 
output. Thus ventricular failure due to valvular re- 
gurgitation can be precipitated by excessive imped- 
ance demands or substantially improved by afterload 
reduction. 

In the awake state, patients with heart failure have 
an increased level of circulating catecholamines'' and 
exaggerated activity of the renin-angiotensin system. P 
Their already heightened vascular resistance is un- 
doubtedly elevated further by preoperative anxiety. 
Premedication may blunt this response," but mor- 
phine and scopolamine in this report were ineffective 
in abating the increased afterload, and anesthetic 
management must be directed toward that end. 

Anesthetics themselves usually lower vascular re- 
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sistance, but they are weak arteriolar vasodilators and 
their action is inconsistent, unpredictable and hardly 
dose related.’ Moreover, they have a more pro- 
nounced effect on venous capacitance vessels causing 
acute venodilation, pooling, and a decrease in venous 
return.” '° Cardiac output and blood pressure usually 
decline. Alone, anesthetics cannot be relied upon to 
control vascular resistance safely. Adjuvant arteriolar 
vasodilators are well tolerated with light anesthesia, 
and in patients with valvular regurgitation and ful- 
minant ventricular failure this combination avoids 
additional myocardial depression, lessens valvular re- 
gurgitation, and reduces filling pressures." ^ However, 
the resultant intraoperative cardiac output has never 
before been raised to a more than marginal level, ^? 
and compared to the awake control measurements, 
stroke volume was smaller, heart rate faster, and 
cardiac output unimproved.” * Maximum hemody- 
namic benefit depends upon zealous pursuit of a 
normal vascular resistance," and in the previous intra- 
operative studies, the attained vascular resistance was 
25% above normal even on nitroprusside. "^ 
Nitroprusside, like any other vasodilator, decreases 
venous capacitance as well as arteriolar resistance." If 
a patient is hypovolemic or even normovolemic, 
"pushing" nitroprusside can cause venous pooling 
and diminished venous return to the heart. At the 
lower, left-hand portion of the Starling curve, cardiac 
output suffers and hypotension may be induced. Pa- 
tients in heart failure are not usually thought of as 
hypovolemic, but standard medical management of- 
ten results in a relatively dehydrated state. '" Initially, 
the disease process increases the circulating blood 
volume, but as compensation ensues it decreases to- 
ward normal” and eventually becomes lower than 
normal with vigorous diuretic therapy." This occurs 
because ambulatory patients with ventricular failure 
find the symptoms of pulmonary congestion more 
objectionable than those associated with a relative 
volume deficiency. However, dehydration need not 
be a problem even when afterload is reduced all the 
way to normal, for preload can be easily restored in 
the operating room and the arterial pressure kept up. 
Recently, following open heart surgery, it was 
shown that systemic vascular resistance could be 
safely reduced to normal if preload was aug- 
mented."? With this accomplished, cardiac output 
and stroke volume increased far beyond that achieved 
by less extensive nitroprusside unloading."? A left 
ventricular filling pressure of 15 to 20 torr has been 
advocated to maximize cardiac output after myocar- 
dial infarction," but in patients with valvular heart 


disease and ventricular failure, even higher preloads 
are well tolerated.'® 

In this report light anesthesia combined with after- 
load reduction and preload augmentation not only 
provided maximal hemodynamic benefit, but the fluid 
load produced no deleterious consequences. No 
myocardial ischemia or arterial hypoxemia developed 
and extubation was not delayed. In fact, the weight 
gain experienced by these patients was no more than 
is usual in our institution. It seems that if the anes- 
thesiologist does not add extra fluid prior to bypass, 
the patient's need for volume expansion will become 
apparent farther along in surgery. Perhaps some day 
soon the preoperative preparation of patients with 
congestive heart failure will be altered to place less 
emphasis on making patients dry with diuretics and 
more emphasis on controlling vascular resistance with 
vasodilators. 

Operating room time was required to document the 
effects of afterload reduction and preload augmenta- 
tion, but now in the clinical setting, we avoid delay 
by beginning this combined therapy at the time that 
anesthesia is induced. 
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Cardiac Filling Pressure during CPPV 


Before and after 10 anesthetized dogs were near-drowned with fresh water, cardiac filling pressures 
were measured during spontaneous respiration, controlled mechanical ventilation with ambient 
expiratory airway pressure, continuous positive-pressure ventilation (CPPV) with 20 cm H2O PEEP, 
and CPPV alone. Pulmonary arterial occlusion and left ventricular end-diastolic pressures were 
measured and compared. Intrapleural pressure was subtracted from values for each of these pressures 
to calculate respective transmural filling pressures. Mechanical ventilation and CPPV each decreased 
thoracic venous return, but only CPPV increased pulmonary arteriolar resistance. The increase of 
both airway pressure and pulmonary arteriolar resistance, in turn, increased both right atrial and 
pulmonary arterial occlusion pressures, but decreased left ventricular filling. Thus, measurement of 
pulmonary arterial occlusion pressure alone did not allow accurate assessment of cardiac filling 
pressure. The authors found that measurement of intrapleural pressure was necessary to obtain an 
accurate reflection of left ventricular filling pressure during CPPV. Momentary interruption of CPPV 
to measure any pressure was of no value in assessing vacular filling and caused pulmonary edema in 
several animals. Therefore, the authors recommend that vascular pressures be measured and evaluated 
without interruption of positive airway pressure. (Downs JB, Douglas ME: Assessment of cardiac 
filling pressure during continuous positive-pressure ventilation. Crit Care Med 8:285 -290, 1980) 
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Spinal Anesthesia: Bupivacaine Compared with 
Tetracaine 


Daniel C. Moore, MD 


MOORE, D. C.: Spinal anesthesia: bupivacaine compared with tetracaine. Anesth Analg 59:743-750, 1980. 


A solution of 0.75% bupivacaine (Marcaine) in 8.25% dextrose was compared with a similar solution of tetracaine 
(Pontocaine), the drug most used for spinal anesthesia in the USA. The study employed a randomized double-blind 
method and a standardized technique for spinal anesthesia in 435 patients. For perineal and lower extremity surgery, 
7.5 mg of the local anesthetic was injected, and for intra-abdominal gynecologic surgery, 12 mg was administered. 
With the 7.5-mg dose, in only one of 121 patients was anesthesia unsatisfactory when bupivacaine was used; 
anesthesia was unsatisfactory in 19 of 114 patients when tetracaine was used. With the 12-mg dose, 12 patients 
given bupivacaine and 14 given tetracaine had unsatisfactory analgesia. With both doses, the motor blockade lasted 
significantly longer with tetracaine. Epinephrine added to the local anesthetic solution significantly increased the 
duration of action of both drugs. It also prolonged the duration of postoperative analgesia of tetracaine significantly 
more than the duration of bupivacaine. Bupivacaine 0.75% in 8.25% dextrose is a safe, reliable local anesthetic 


solution for spinal anesthesia. 


Key Words: ANESTHETIC TECHNIQUES: spinal; ANESTHETICS, Local: bupivacaine, tetracaine. 


UPIVACAINE (Marcaine) has been employed ex- 
tensively for spinal anesthesia in many coun- 
tries." As yet, it has not been approved for this use 
in the United States, where tetracaine (Pontocaine) is 
the drug most used. In studies conducted abroad, 
isobaric or hyperbaric bupivacaine has been used for 
spinal anesthesia in dosages ranging from 7.5 to 25 
mg in concentrations from 0.5% to 1.0%. Bupivacaine 
has been compared with tetracaine in three investi- 
gations." * ° However, in only one of these studies 
was a blinded technique of comparison used.^ 
This investigation compared the clinical effective- 
ness (sensory and motor blockade) of hyperbaric 
solutions of bupivacaine and tetracaine for spinal 
anesthesia in patients undergoing lower extremity and 
perineal surgery as well as intra-abdominal gyneco- 
logic operations. It differs primarily from the only 
other double-blind study (Pflug et al)" as follows. 
First, the number of patients in our study was signif- 
icantly greater, that is, 435 as compared to 99. Second, 
in the Pflug et al investigations,? doses were selected 
on the basis of the physical status of the patient. In 
our study, a specific dose was administered regardless 
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of the patient's physical status. Third, Pflug et al? did 
not include intra-abdominal surgical procedures 
(three patients had inguinal herniorrhaphies; the re- 
mainder had perineal or lower extremity procedures). 
Fourth, in their investigation, no epinephrine was 
added to the local anesthetic solution. Finally, Pflug 
et al? used complete regression of sensory and motor 
blockade as an index of duration of effectiveness of 
the drug whereas in our study the criterion for dura- 
tion of sensory blockade was pain in the operative 
site. 


Method 


A randomized double-blind study was designed to 
comply with regulations of the United States Food 
and Drug Administration. It was approved by the 
Human Rights Committee of the Virginia Mason 
Medical Center. Patients signed informed consents 
and were sequentially entered into the trial. 


Patient Population and Surgical Procedures 


The study included 435 patients; 235 patients had 
operations on the lower extremity or perineum (group 
I) and 200 patients had intra-abdominal gynecologic 


surgery (group Il). 
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Sedation for Sleep the Night before Surgery and 
Premedication 


The night before the operation 500 mg of chloral 
hydrate or 30 to 60 mg of flurazepam was given. For 
premedication, meperidine up to 150 mg or morphine 
up to 15 mg, plus 0.4 mg of atropine, was administered 
intramuscularly approximately 1 hour prior to anes- 
thesia. 


Monitoring 


Prior to injecting the local anesthetic solution, every 
15 to 60 seconds thereafter for the first 5 minutes, and 
then at least at 5-minute intervals, the patient’s car- 
diovascular and respiratory systems were monitored 
by: (1) a blood pressure cuff with a stethoscope; (2) a 
precordial stethoscope; (3) an electrocardiogram; and 
(4) continuous observation with appropriate inquiries. 


Technique 


Spinal anesthesia was performed using a technique 
previously described.'' The second lumbar interspace 
was selected for injection of the solution. Immediately 
following the withdrawal of the spinal needle, the 
patients turned themselves from the lateral decubitus 
position into the supine position, with the operating 
room table in the horizontal position. This position 
was not altered for 30 minutes or thereafter, unless 
requested by the surgeon. 


Anesthetic Solution and Dosage 


The numbered ampules of both drugs contained 2 
ml of 0.75% solution of the drugs in 8.25% dextrose. 
Patients in group I received 1 ml of solution (7.5 mg) 
and those in group II received 1.6 ml (12 mg). These 
amounts are the author's average, routine dosage for 
such operations when using 1.0% tetracaine in groups 
I and II, that is, 0.6 to 0.8 ml (6 to 8 mg) and 1.0 to 1.5 
ml (10 to 15 mg), respectively." Milligram to milli- 
gram comparison of the two drugs was based on 
laboratory data as well as previous studies which 
indicate that potency and toxicity of these two drugs 
are similar.” 

In group I and the first 100 patients in group II, the 
local anesthetic solution did not contain epinephrine. 
In the remaining 100 patients in group II, 0.2 mg of 
epinephrine, which is the dosage used by the author," 
was added to the local anesthetic solution. 


Variables Studied 
All evaluations in the operating room were done by 
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the investigator. In the recovery room evaluations 
were performed by trained registered nurses. If the 
nurses had any doubts regarding the variables, the 
investigator was notified. Postoperative rounds were 
made by the investigator. 

The times of the variables were measured from the 
completion of injection of the local anesthetic solution 
into the subarachnoid space. Preparation for the op- 
eration did not begin until onset, level of sensory 
anesthesia, and motor blockade of the extremities 
were established. 

Onset and Maximum Dermatome Level of Sensory 
Anesthesia. Testing for onset of analgesia, using the 
patient's ability to distinguish cold when the skin was 
touched by an alcohol sponge, was done at no more 
than 5-second intervals, using a stopwatch. The area 
tested was 7.5 cm below the iliac crest in the distri- 
bution of the lateral femoral cutaneous nerve 
(branches of the second and third lumbar nerves) on 
the dependent leg—that is, the leg resting on the 
operating room table when the spinal anesthesia was 
administered. 

The dermatome level of maximum sensory anal- 
gesia was evaluated by progressively pinching the 
lower extremities, abdomen, and thorax with Allis 
forceps at 30-second intervals as timed by the clock 
in the operating room, until an unchanged sensory 
level occurred. Sensory analgesia was considered 
maximum when the patient did not respond to this 
forceps closed to its first rachet. 

Quality of Anesthesia following Block and During 
Surgery. If the scheduled surgery caused pain, anes- 
thesia was considered unsatisfactory. Patients with 
unsatisfactory anesthesia were not included in the 
analysis of the variables studied. 

In group II, if exploration of, traction on, or packing 
off of the upper abdominal viscera, small intestine, 
appendix, ascending colon, proximal part of the trans- 
verse colon, spleen, or diaphragm resulted in discom- 
fort or pain, the anesthesia was not considered unsat- 
isfactory. Spinal anesthesia, to the sixth or preferably 
to the fourth thoracic dermatome, which is required 
for intra-abdominal gynecologic surgery, does not 
block the phrenic or vagus nerves which innervate 
these organs nor does it block the pain fibers which 
accompany these nerves. Therefore, manipulation of 
these viscera and the diaphragm should be expected 
to cause pain. When it does and when the pain 
requires supplementation with intravenous or inha- 
lation anesthesia, the spinal anesthesia should not be 
considered unsatisfactory. 

When the surgical procedure exceeds the duration 
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of an effective satisfactory anesthesia, the duration of 
action of the local anesthetic drug for that surgical 
procedure is obtained. Therefore, in these instances, 
the anesthesia was coded as satisfactory and the du- 
ration of its effectiveness recorded. These patients 
were included in the specific applicable variables 
reported—that is, (1) onset, establishment of maxi- 
mum dermatome levels of analgesia, and so forth; (2) 
sensory and motor blockade in the lower extremities 
postoperatively; and (3) complications. 

Motor Blockade. The degree of motor blockade in 
the lower extremities was checked immediately fol- 
lowing each determination of sensory anesthesia. The 
gradings of Bromage and coworkers’’ were assigned 
numbers of 0 through 3 for the purposes of coding 
(Table 1, footnote). 

Postoperative Evaluation. Upon arrival in the re- 
covery room, all patients were fully awake. All vari- 
ables were again measured. All testing for the study 
was completed in the recovery room. 

In group I normal sensation was considered to be 
present when an Allis forceps pinch around the anus 
was judged to evoke a response identical with that of 
the skin at the fifth thoracic dermatome (area just 
below the nipple line). For lower extremity surgery, 
normal sensation was considered to have occurred 
when the response to an Allis forceps pinch in the 
operative site was identical with that on the forearm. 
In group II, as in previous studies, the duration of 
sensory anesthesia was based on its regression of two 
dermatomes. '* 

Motor function in the lower extremities was tested 
at the same intervals. It was considered normal when 
the patient could run the heel of one foot accurately 
up the skin covering the anterior surface of the tibia 
of the other leg from ankle to knee without the heel 
wavering, with both legs. 

Finally, the time when a narcotic for pain was 
administered was recorded. 


Recording and Analysis of Data 


All data were recorded on a computer-oriented 
anesthetic record and tally sheet similar to those used 
in other studies." Following coding, the data were: (1) 
keypunched into the computer cards; (2) verified; (3) 
read onto tape; and (4) analyzed by the conversational 
computer statistical system.’ 


Significance of Data 


Student’s t-test and chi square were employed. 


Data with p values equal to or greater than 0.05 were 
considered to have no statistical significance. 


Precipitation ("Flaking") of Local Anesthetic Drugs 
in Cerebrospinal Fluid 


An in vitro aerobic study? has shown that bupi- 
vacaine, etidocaine, mepivacaine, and tetracaine will 
precipitate (“flake”) in human cerebrospinal fluid; the 
authors caution that injection of these drugs subar- 
achnoidally might cause spinal cord damage. Al- 
though this has been refuted by studies in 
humans," it was investigated under aerobic and 
anaerobic conditions. 


Results 


When applicable, all numerical determinations are 
stated as means + SD. In groups I and II most of the 
variables studied showed no significant differences 
between the two drugs (Table 1). The variables where 
the few significant differences did occur are as fol- 
lows. 


Group I 


Unsatisfactory analgesia resulted in one woman 
with bupivacaine (0.8%) and in nine men and 10 
women with tetracaine (1796) (Table 2). As stated, 
these patients were eliminated from the analysis of 
the parameters studied. 

The degree of motor blockade was greater and its 
duration was longer with tetracaine than with bupi- 
vacaine (Table 2). More patients who had tetracaine 
for a transurethral prostatectomy required a narcotic 
for pain postoperatively than did those who had 
bupivacaine (Table 2). 


Group II 


Unsatisfactory anesthesia occurred in 13 patients 
who received the local anesthetic without epinephrine 
(bupivacaine, five patients; tetracaine, eight patients) 
and in 13 patients in whom it was added to the 
solution (bupivacaine, seven patients; tetracaine, six 
patients). Thus there was no significant difference in 
the frequency of unsatisfactory anesthesia as there 
was in group I. As stated, these patients were excluded 
from the analysis of the parameters studied. 

Patients without Epinephrine (n — 87). With tetra- 
caine the length of time needed for maximum der- 
matome level of analgesia to develop was shorter 
(Table 3). Likewise, the maximum degree of motor 
blockade in the lower extremities occurred more rap- 
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TABLE 1 


Examples of Important Variables in Which Little or No Significant Difference Occurred between Bupivacaine and Tetracaine* 





Group | (7.5-mg dose) 


Group II (12-mg dose) 


Without epinephrine With 0.2 mg epinephrine 





Bupivacaine  Tetracaine Signifi- Bupive- . nc Bupivā- | NE 
(n = 120) (n = 95) cance osib Tetracaine Signifi- Aka Tetracaine Signifi- 
(n = 45) (n = 42) cance (n = 43) (n = 44) cance 
Maximum level of 
analgesia 
Thoracic dermatome 122 422 NST 4 £2 4+ 1 NS A 2 SGE 2 NS 
Time of occurrence 9+4 9+4 NS 10+4 Bt2 p<0.02 92:3 11 € 7 NS 
(min) 
Duration of satisfactory 100 + 30 80 + 24 NS 92+16 88+ 14 NS 136 x 30 113237 NS 
analgesia prior to 
supplementation (min) 
Degree of motor block in SAU. 4/105 p<=0;006 3 3 NS 3 3 NS 


lower extremities (O 
to 3)t 





* Only patients with satisfactory anesthesia were analyzed. 
t NS, Not significant. 


t O, free movement of legs and feet; 1, just able to flex knees, free movement of feet; 2, unable to flex knees, just able to move 


toes; 3, unable to flex knees or to move toes. 


idly (Table 3). Also, with tetracaine, there was a longer 
duration of motor blockade in the lower extremities 
(Table 3). 

Patients Given 0.2 mg of Epinephrine (n — 87). The 
addition of epinephrine extended the time of onset of 
analgesia of tetracaine, the duration of motor block- 
ade in the lower extremities, and the time when the 
first postoperative pain medication was required more 
than it did when added to bupivacaine (Table 4). 
Although delayed onset occurred with tetracaine, it 
was measured in seconds. Therefore, the clinical sig- 
nificance of this difference is questionable, particu- 
larly since the time for the establishment of the max- 
imum dermatome level of sensory anesthesia from 
the two drugs showed no significant difference (Table 
1). 

When compared to plain solutions, the addition of 
epinephrine resulted in the following. First, with tet- 
racaine, it prolonged the time for the maximum der- 
matome level of analgesia to occur (Table 5). Second, 
with bupivacaine, it shortened the time for the maxi- 
mum degree of motor blockade to occur (Table 6). 
Third, with both local anesthetic drugs, it extended 
the duration of motor blockade in the lower extrem- 
ities (Tables 5 and 6). Fourth, with both drugs, but to 
a greater degree with tetracaine, it delayed the admin- 
istration of a narcotic for postoperative pain (Tables 
5 and 6). Finally, epinephrine prolonged the mean 
duration of bupivacaine prior to the need for supple- 
menting its dissipated analgesia by a mean of 44 
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minutes (48%) and that of tetracaine by a mean of 25 
minutes (28%) (Tables 5 and 6). 


Complications 


No differences in the incidence of complications 
between the two drug treatment groups occurred. 
Complications during surgery included: (1) nausea 
and vomiting without hypotension in 45 patients 
(10%); (2) hypotension in 71 patients (16%); and (3) 
cephalad spread of the local anesthetic drug in one 
patient (0.23%). In this one patient, 75 minutes after 
injection of 12 mg of tetracaine, the surgeon requested 
Trendelenburg position of approximately 30 degrees. 
Within 5 minutes, the level of analgesia moved from 
the fourth thoracic to the second cervical dermatome. 
This required general anesthesia, endotracheal intu- 
bation, and assisted respirations for 45 minutes. 

The only postoperative compliction was that six of 
the 435 patients developed spinal headache (1.4%). 


Precipitation of Local Anesthetic Drugs under 
Aerobic and Anaerobic Conditions in 
Cerebrospinal Fluid 


Our investigation of flaking or precipitation 
showed the following: (1) under aerobic conditions 
bupivacaine precipitates when the pH of human cer- 
ebrospinal fluid reaches or exceeds 7.54; (2) the pH of 
human cerebrospinal fluid drawn from 100 patients 
under anaerobic conditions ranges from 7.30 to 7.45, 
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TABLE 2 

Variables with Significant Differences between Plain 
Solutions of Bupivacaine and Tetracaine in 

Group | (7.5-mg dose) 

















: . ; Signifi- 
Bupivacaine Tetracaine Genio 
Unsatisfactory 
anesthesia 
Lower extremity 1 (n = 39) 5 (n = 31) NS* 
Transurethral O(n = 27) 2 (n = 28) NS 
prostatectomy 
Vaginal O (n = 30) 9 (n = 30) p « 0.005 
hysterectomy 
Other (rectal, O(n = 25) 3 (n = 25) NS 
penile, testicular, 
etc) 
1 (n = 121) 19 (n = 114) p < 0.005 
Motor blockade in 
lower extremities 
No. of patientst 120 95 
Maximum degree (O 2.4 + 0.7 ef & 0.5 p « 0.005 
to 3) 
Duration (min) 162 + 49 188 + 56 p < 0.005 
Patients receiving 
narcotic and/or 
tranquilizer for 
pain in first 24 
hours after 
surgeryt 
Lower extremity 24 (n = 38) 21 (n = 26) NS 
surgery 
Transurethral 6 (n = 27) 15 (n = 26) p « 0.025 
prostatectomy 
Vaginal 30 (n = 30) 21 (n = 21) NS 
hysterectomy 
Other perineal 14 (n = 25) 15 (n = 22) NS 
procedures 
74 (n = 120) 72 (n = 95) 
* NS, not significant. 
t Only patients with satisfactory analgesia were analyzed. 
t See Table 1 footnote. 
TABLE 3 
Variables with Significant Differences between Plain 
Solutions of Bupivacaine and Tetracaine in 
Group II (12-mg dose)* 
Bupivacaine  Tetracaine i12 
(n = 45) (n = 42) Significance 
Time of occurrence of 10+4 $t2 p « 0.002 
maximum thoracic 
dermatome level 
of analgesia (min) 
Motor blockade in 
lower extremities 
Time for maximum 13:48 8+4 p « 0.01 
degree (0 to 3)+ 
to occur (min) 
Duration (min) 202 + 49 234+51 p<0.01 





* Only patients with satisfactory anesthesia were analyzed. 
T See Table 1 footnote. 


with a mean of 7.36 and a standard deviation of 0.033; 
and (3) when 1.5, 3.0, or 4.5 ml of 0.7596 bupiva- 
caine—that is, 11.25, 22.5, and 33.75 mg, respec- 


TABLE 4 

Variables with Significant Differences between Bupivacaine 
and Tetracaine Solutions Containing 0.2 mg of Epinephrine 
in Group Il (12-mg dose)* 





Bupivacaine  Tetracaine 


(n = 43) n» a Significance 





Onset of blockade 40 x 11 47 i: 21 
(sec) 

Duration of motor 
blockade in lower 
extremities (min) 

Time of first narcotic 


(min) 


p « 0.05 


279 X60 371167 p<0O.001 


196 +41 229 168 p<0.01 





* Only patients with satisfactory analgesia were analyzed. 


TABLE 5 

Variables with Significant Differences between Tetracaine 
Solutions with and without Epinephrine in 

Group Il (12-mg dose) * 


Plain Epinephrine 





h = 42) (n = 44) Significance 
Time for maximum 8+2 TÀ 7 p « 0.05 
thoracic dermatome 
level of analgesia to 
occur (min) 
Motor blockade in 234 +51 371167 p-«0.001 
lower extremities— 
duration (min) 
Time of first narcotic 167 X65 229 68 p-«0.001 
Duration of satisfactory 88:114 113437 p<0.02 


analgesia prior to 
supplementation 
(min) 





* Only patients with satisfactory analgesia were analyzed. 


tively—was placed immediately into vacuum test 
tubes holding a maximum of 7.5 ml of solution, that 
is, under anaerobic conditions—along with, respec- 
tively, 6.0, 4.5, and 3.0 ml of human cerebrospinal 
fluid which had just been withdrawn, no precipitate 
occurred during an 8-week observation. Also, 2 mg 
of bupivacaine in 2 ml of human cerebrospinal fluid 
placed immediately into a 2-ml vacuum test tube did 
not flake or precipitate during observation for 1 year. 


Discussion 


Comparison of Bupivacaine and Tetracaine 


Unsatisfactory Analgesia. The incidence of unsat- 
isfactory analgesia encountered in this investigation 
using a hyperbaric solution of tetracaine prepared by 
a pharmaceutical company was 19 of 114 patients in 
group I (16%) and in group II, 14 of 100 patients 
(14%). This incidence of unsatisfactory anesthesia is 
markedly higher than that which we have experienced 
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TABLE 6 


Variables with Significant Differences between Bupivacaine 
Solutions with and without Epinephrine in 
Group li (12-mg dose)* 





Plain Epinephrine 





(n = 45) (n — 43) Significance 
Motor blockade in 
lower extremities 
Time for maximum 13x 8 10:5 6 p « 0.01 


degree (0 to 3)T 
to occur (min) 
Duration (min) 
Time of first narcotic 
Duration of satisfactory 
analgesia prior to 
supplementation 
(min) 


202 X49 279 X60 p< 0.001 
162 +41 196+41 p<0O.001 
92 116 136 x30 p<0.001 





* Only patients with satisfactory analgesia were analyzed. 
+ See Table 1 footnote. 


with tetracaine-dextrose solutions prepared from 20- 
mg ampules of crystalline (Niphanoid, lyophilized) 
tetracaine to which 0.2 mg of epinephrine has been 
added." 

The specific reasons for unsatisfactory analgesia 
with these premixed tetracaine solutions is unknown. 
It could have resulted from physician error, inade- 
quate dosage or, as noted previously, the drug mix- 
ture. Approximately 85% of the spinal anesthetics 
were administered by anesthesia residents and the 
remainder were administered by the author. The au- 
thor supervised all cases, confirmed the site of injec- 
tion, and measured the amounts of the drugs to be 
injected subarachnoidally. Nonetheless, physician 
error cannot be ruled out as a cause of some of the 
unsatisfactory analgesia with either drug. 

The results in group II indicated that the majority 
of unsatisfactory analgesia resulting in group I with 
tetracaine as compared to bupivacaine, particularly 
during vaginal hysterectomy, could be eliminated by 
increasing the dose of tetracaine. Furthermore, the 
results indicate that milligram for milligram the sen- 
sory effect of bupivacaine may be greater than that of 
tetracaine. 

Motor Blockade. Tetracaine produced a signifi- 
cantly longer motor block in the lower extremities 
than did bupivacaine (Tables 2 to 6). Therefore, if the 
incidence of thrombosis and thrombophlebitis is, as 
theorized by some but as yet not proven, greater the 
longer that motor blockade exists in the lower extrem- 
ities, then bupivacaine may be the more advantageous 
drug for spinal anesthesia.” 

Stability of Bupivacaine and Tetracaine. Most an- 
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esthetists prefer to use commercially available solu- 
tions of local anesthetic drugs rather than preparing 
a solution from crystals. For these physicians, a so- 
lution of bupivacaine may be more desirable than a 
solution of tetracaine because, unlike tetracaine, the 
effectiveness of bupivacaine is not altered by heat, 
cold, or light. 


Complications 


The complications observed were those that are 
expected with spinal anesthesia, for example, hypo- 
tension and cephalalgia. No untoward sequelae re- 
sulted from them and further discussion of them is 
not the purpose of this paper. 

No neurologic sequelae have been reported from 
the use of 0.5%, 0.75%, or 1.0% isobaric or hyperbaric 
bupivacaine for spinal anesthesia which could be 
attributed to the drug.’”’® Furthermore, 25- to 200-mg 
doses of 0.25%, 0.5%, and 0.75% bupivacaine injected 
inadvertently into the subarachnoid space by anesthe- 
tists from our department when performing epidural 
blocks have not resulted in untoward neurologic com- 
plications. 


Precipitation of Local Anesthetic Drugs under 
Aerobic and Anaerobic Conditions in 
Cerebrospinal Fluid 


Since spinal anesthesia is an anaerobic technique, 
comparison of it with an aerobic in vitro study, which 
reported that precipitation could occur and result in 
neurologic damage, is valueless. Furthermore, al- 
though there is no evidence that a local anesthetic 
drug precipitates or flakes in humans, even if there 
were such evidence and that drug produced satisfac- 
tory spinal block in many thousands of patients with 
no sequelae—for example, tetracaine—should the 
technique and/or drug that precipitates be aban- 
doned? The answer must be “No.” 


Criteria for Determining Analgesic Effects of Local 
Anesthetic Drugs 


All the patients who had vaginal or abdominal 
hysterectomies required narcotics for pain in the op- 
erative site. However, with other surgical procedures 
in group I, pain, as indicated by the need for a 
narcotic, varied with the surgical procedure as well as 
from patient to patient, but, with the exception of 
transurethral resection, no significant difference oc- 
curred (Table 2). 

In group II, no significant differences resulted be- 
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tween the two drugs as to time of regression of two 
dermatomes, nor did these times of regression and 
the times when the patients required a narcotic for 
pain correlate. Complete regression of motor and 
sensory blockade, as used by some authors, is not a 
good criterion, because most patients require drugs 
for pain prior to that time.? Therefore, the criteria that 
have been used in the past to establish the duration 
of the analgesic effects of local anesthetic drugs may 
not be the best yardsticks for comparing the effec- 
tiveness of analgesia.” '* 

The criteria that should be the basis for determining 
the operative and postoperative analgesic effects of 
two drugs, using comparable dosage and technique, 
are: (1) comparable surgical procedures; (2) the effec- 
tive duration of analgesia prior to the need for sup- 
plementation during surgery because the drug’s effec- 
tiveness has dissipated; (3) the time when a narcotic 
is required for pain from the operative site; and (4) in 
gynecologic surgery, the presence or absence of vis- 
ceral pain. 

Visceral pain has been defined as pain that occurs 
when the peritoneum is entered and/or when traction 
is exerted on the uterus, fallopian tubes, and/or ova- 
ries in the patient who has: (1) sensory aaesthesia to 
the sixth thoracic dermatome or above; (2) no pain 
with incision of the abdominal wall; and (3) complete 
motor relaxation of the abdominal wall.'* The pres- 
ence or absence of visceral pain is a definitive test of 
the analgesic qualities of a specific concentration of a 
local anesthetic drug during intra-abdominal pelvic 
surgery. Visceral pain is thought to result from 
unblocked fibers of the sacral nerves.”' Visceral pain 
has not been reported following spinal block, nor was 
it observed in this study. 


Conclusions 


Bupivacaine 0.75% in 8.25% dextrose with or with- 
out 0.2 ml of epinephrine 1:1000 (0.2 mg) is a safe, 
reliable local anesthetic solution for spinal anesthesia. 

For the surgical procedures studied, the exception 
being vaginal hysterectomy, an established dose (vol- 
ume and concentration) of a hyperbaric tetracaine 
solution can be used as a guideline to determine the 
dose of bupivacaine. Whether it is a more satisfactory 
drug than tetracaine for spinal block is debatable. 

Epinephrine, 0.2 mg, significantly prolongs the du- 
ration of effectiveness of tetracaine and bupivacaine. 

The reason for the high incidence of unsatisfactory 
anesthesia from the 7.5-mg dose when a commercially 


prepared solution of tetracaine without epinephrine 
was used as compared to the low incidence of unsat- 
isfactory analgesia from the same dose of a solution 
prepared »y the anesthetist from tetracaine crystals to 
which 0.2 mg of epinephrine is added, needs further 
investigat on. 
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Hemodynamic Effects of Nitrous Oxide 


To assess the effects of nitrous oxide (N2O) on hemodynamics and left ventricular function in man, 
30 patients (24 of whom had coronary artery disease) were studied at the time of cardiac catheteri- 
zation. Fifty percent N:O was administered for 20 to 30 minutes using a tight-fitting airline 
mask. Left ventricular peak-systolic pressure and end-diastolic volume showed no significant change 
during N20 inhalation. The maximum rate of pressure rise declined slightly, but left ventricular end- 
diastolic pressure and ejection fraction were unchanged. Heart rate and cardiac index declined 
modestly. The pressure-rate product and left ventricular minute work index decreased, suggesting a 
decline in myocardial oxygen requirements. These data suggest that in this setting NoO inhalation 
does not produce important depression of left ventricular performance. The decrease in the deter- 
minants of myocardial oxygen demand suggests that use of this analgesic agent may be beneficial in 
patients with coronary heart disease. (Wynne J, Mann T, Alpert JS, et al: Hemodynamic effects of 
nitrous oxide administered during cardiac catheterization. JAMA 243:1440-1443, 1980) 
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Changes in Mixed Venous and Coronary Sinus P50 
Secondary to Anesthesia and Cardiac Disease 


Philip L. Wilkinson, MB, BS,* Bruce H. Graham, MD,1 John R. Moyers, MD,* 
William K. Hamilton, MD, Thomas A. Ports, MD,§ Daniel J. Ullyot, MD,|| and 
Kanu Chatterjee, MB, BS] 


WILKINSON, P. L., GRAHAM, B. H., MOYERS, J. R., HAMILTON, W. K., Ports, T. A., ULLYOT, D. J., AND CHATTERJEE, K.: 
Changes in mixed venous and coronary sinus Ps, secondary to anesthesia and cardiac disease. Anesth Analg 59: 
751-758, 1980. 


Changes in oxyhemoglobin dissociation compensate partially for decreased Ov transport caused by high altitude, 
anemia, and cardiac disease. This investigation determined whether similar changes occurred in patients undergoing 
myocardial revascularization and the possible significance of such changes. In 15 patients scheduled for coronary 
vein bypass surgery the following were inserted: a #7 French catheter into the coronary sinus or great cardiac vein, 
a pulmonary arterial catheter (Swan-Ganz), and a radial arterial catheter. Patients were anesthetized with either 
halothane-N5;O 50% or morphine (2 mg/kg IV) with N20 50%. Hemodynamic status was measured and blood samples 
were taken from the catheters in the preoperative period and after endotracheal intubation, sternotomy, bypass, and 
chest closure. Blood samples were analyzed for pH, blood gas tensions, and O; saturation. Values for Pso for mixed 
venous and coronary sinus blood were calculated from O+» tension and saturation. Patients were divided into two 
groups on the basis of preoperative mixed venous Pso values: group | had normal Ps, levels of 26.1 + 2.0 torr (mean 
+ SD); group Il had elevated values for mixed venous blood Ps» of 32.5 + 1.6 (mean + SD). Unlike group |, group II 
had depressed ventricular function and higher Pso values for coronary sinus blood than for mixed venous blood. 
Induction of anesthesia increased Pso values in group | but not in group Il and removed the significant differences 
between group | and group II mixed venous Pss values. In group Il patients, cardiopulmonary bypass lowered the 
elevated Pso of coronary sinus blood so that it equaled Pso for mixed venous blood. It is concluded that induction of 
anesthesia may elevate Pso in patients who have normal preoperative Pso values. The already elevated P5, values of 
patients with ventricular dysfunction did not change. Cardiopulmonary bypass decreased coronary sinus Pso in group 
ll patients, and this change might be deleterious if the original elevation represents a compensatory response to a 
reduction in O; transport. 


Key Words: BLOOD: venous P5»; OXYGEN: oxyhemoglobin dissociation; ANESTHESIA: cardiovascular. 


XYHEMOGLOBIN dissociation changes when 
O» supply is reduced relative to demand. Ane- 
mia,’ high altitude,” and congenital heart disease? are 
associated with a shift to the right of the oxyhemoglo- 
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bin-dissociation curve and with an elevation of Pso 
(the Os tension when hemoglobin is 50% saturated). 
Similar changes in P59 occur when cardiac output 
might be inadequate (e.g., cardiac failure! and my- 
ocardial infarction’). The shift to the right of hemo- 
globin Oy dissociation and the resulting increase in 
Ps aid tissue O2 unloading and increase Oz available 
to tissue when either arterial oxygenation or the O» 
transport mechanism is depressed. Hence, P50 in- 
creases in response to low inspired O» tensions, re- 
duced hemoglobin content, and inadequate cardiac 
output. 

Changes in hemoglobin O» dissociation may be 
important in patients with ischemic heart disease 
undergoing myocardial revascularization. The mar- 
ginal myocardial tissue perfusion associated with is- 
chemic heart disease may reduce cardiac output, pe- 
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ripheral tissue perfusion, and O» delivery. In addition, 
the events associated with cardiopulmonary bypass 
(hypothermia, hemodilution, pump perfusion, my- 
ocardial ischemia, and blood transfusion) may alter 
hemoglobin Oz dissociation. 

Using Pso to assess changes in hemoglobin O» dis- 
sociation, we studied 15 patients who were part of 
another study of anesthetic morbidity. We measured 
mixed venous and coronary sinus O» saturation and 
tension before and during anesthesia and surgery for 
myocardial revascularization. Several clinically signif- 
icant changes occurred in hemoglobin O» dissociation 
before and during the operative procedure. 


Methods and Materials 


With the approval of the UCSF Committe on Hu- 
man Research, we prospectively studied 15 patients 
undergoing coronary artery bypass surgery. Informed 
consent was obtained from all patients studied. Pa- 
tients were premedicated with morphine sulfate (0.15 
mg/kg) and scopolamine (0.4 mg) 1 hour before the 
beginning of anesthesia. In the operating room a #7 
French thermodilution coronary sinus catheter (Wil- 
ton Webster Laboratories) was inserted through the 
left antecubital vein into the great cardiac vein under 
fluoroscopic control. Positioning was confirmed by 
injecting radiocontrast dye and by measurement of 
O» saturation in blood samples obtained from the 
catheter. A 20-gauge catheter was inserted into a 
radial artery, and a #7 French Swan-Ganz catheter 
(Edwards Laboratories) was placed into the pulmo- 
nary artery via the internal jugular vein. 

After a period of hemodynamic stability, blood 
samples taken from these catheters were used to 
determine blood gas tensions, O» saturation, and he- 
moglobin content. Gas tensions were determined in 
duplicate within 30 minutes of sampling. Syringes 
were stored in ice until measurements were made on 
standard electrodes; measurements were corrected for 
stirring effect and electrode drift. We measured O» 
saturation and hemoglobin content in duplicate with 
a hemoximeter (OSM2, The London Company) that 
was calibrated daily with nonsmokers' blood. We also 
measured thermodilution cardiac output and pulmo- 
nary and systemic pressures. 

Anesthetic technique was chosen randomly. For 
patients receiving halothane anesthesia, induction of 
anesthesia was begun with thiopental (1.0 to 1.15 mg/ 
kg IV) and was continued with halothane, N;O, and 
Oz (50%) administered by mask. Administration of 
succinylcholine (1 mg/kg IV) facilitated endotracheal 
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intubation. The larynx and trachea were exposed and 
sprayed with 2 ml of 4% lidocaine. Two minutes later 
the trachea was intubated, and after the return of 
spontaneous respiration, patients were paralyzed with 
pancuronium (0.1 mg/kg IV). Halothane concentra- 
tions ranged from 0.1% to 0.75% end-tidal concentra- 
tions throughout the study. 

Premedication was the same for patients receiving 
morphine anesthesia; anesthesia was induced with 
morphine administered at a rate not greater than 5 
mg/min to a total dose of 2 mg/kg IV. When neces- 
sary, ventilation was supported by administration of 
N20 and O: (50%) by mask with intermittent positive 
pressure. Diazepam (10 mg) and pancuronium (1 mg/ 
kg) were then given intravenously. After relaxation 
developed, the larynx and trachea were exposed by 
direct laryngoscopy, and the trachea was sprayed with 
lidocaine and intubated. Ventilation was then con- 
trolled in both patient groups to maintain arterial 
Pco, between 35 to 45 torr. Blood samples and he- 
modynamic measurements were taken 10 minutes 
after each of the following: intubation, sternotomy, 
cardiopulmonary bypass, and sternal closure. 

Oxygen content was calculated from hemoglobin 
content, Os saturation, and blood Oz tension accord- 
ing to the formula: 


O» content = (1.39 X Hb X So,) + (0.0013 X Po,) 


where Hb = hemoglobin; So, = blood Oz saturation; 
Po, = blood O: tension. 

We calculated P5; under standard conditions of 
temperature (37 C), zero base excess, and Pco, (40 
torr) using the methods of Severinghaus.” ' 


Pso = 26.6 X Po, meas/Po, std 


where Po, meas = measured O» tension; Po, std = the 
O» tension corresponding to measured saturation on 
the standard hemoglobin O» dissociation curve. Un- 
less otherwise stated, all Psos reported in this paper 
were corrected to standard conditions. 

We also added air bubbles to the samples and took 
additional measurements of saturation and tension. 
The two or three points thus obtained were plotted 
on a Hill plot, and Ps0 was extrapolated.” We found 
close agreement with other investigators, who dem- 
onstrated that the one-point technique and the Hill 
method give similar results.? 


Pso (J.W.S.) = 0.94 Ps, (Hill) + 1.43 
r = 0.91 


where Ps, (J. W.S.) = P5o as determined by the Sever- 
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inghaus method; P5; (Hill) = Pso as determined by 
the Hill method.” All Pos reported in this paper are 
those determined by the Severinghaus method. 

To determine whether N2O caused errors in meas- 
urement of Os saturation, we took venous blood 
samples from eight additional patients. Three were 
anesthetized with halothane in Os, and five with 
halothane and N2O 50% in Oo. We measured O» 
tensions and saturations as previously described, and 
determined Oz content by the Klingenmeier method." 
Using these data, we calculated O» saturation from 
measured content and tension and compared the re- 
sults with saturations that were measured directly. 

From collected data the mean, standard deviation, 
and standard error of the mean were determined for 
parameters at each measurement point. Where appro- 
priate, univariate and multivariate linear regressions 
and correlations were made. Statistical significance 
was assumed if p « 0.05. 


Results 


Using methods similar to ours, several studies have 
shown standard deviations of approximately 1 torr in 
P59 determinations. In samples drawn from two of the 
authors (B.H.G. and P.L.W.), we found a similar stan- 
dard deviation for 25 determinations (Table 1). Since 
95% of subjects fall within 2 SD from the mean, we 
assumed that a conservative standard deviation would 
be 1.0 torr and that subjects with Psos greater than 
28.6 torr were outside the normal range. Eight patients 
had Psos less than 28.6 torr (26.1 + 2.0 torr, mean + 
S.D., group I), and seven had Ps0s greater than 28.6 
torr (32.5 + 1.6 torr, mean + SD, group II). 


Preoperative Findings 


Several findings suggest that patients in group II 
had greater cardiovascular impairment than did pa- 
tients in group I (Table 2). Although the groups were 
not significantly different in age, weight, or the an- 
esthetic technique they received, the scores for car- 
diovascular dysfunction were significantly (p « 0.05) 
different for the two groups. This five-point index 
was obtained by giving one point for each of the 


TABLE 1 


Standard Deviations (SD) for Normal Ps; Values under 
Standard Conditions (Ps; Std) 








Study Pso std SD 
Weiskopf and Severinghaus’ 26.2 1.01 
Metcalfe et al^ 27.3 0.9 
Present study 26.2 0.9 


following conditions if present: shortness of breath, 
pulmonary vascular congestion on chest x-ray, par- 
oxysmal nocturnal dyspnea, cardiomegaly, and right 
ventricular failure. 

Pulmonary artery "wedge" pressure is also a cor- 
relate of myocardial performance. This parameter was 
correlated with the preoperative Ps) derived from 
mixed venous blood. A scattered but statistically sig- 
nificant correlation existed (r = 0.61, p < 0.05; Table 
3). 

Table 3 also shows a statistically significant but 
scatterec correlation between arteriovenous O» con- 
tent difference and mixed venous Pso, and a close 
highly significant correlation between mixed venous 
and corcnary sinus Pss. The regression equation for 
the latte: relationship suggests that at normal values 


TABLE 2 

Preoperatve Characteristics of Patient Groups Having 
Normal (Group I) and Elevated (Group ll) Preoperative Ps; 
Values * 


Group | Group II 
(Psom < 28.6 torr)  (Pso,,, > 28.6 torr) 
Number 8 7 
Age (yr) 56 59.4 
Weight (kc) 90 84 
No. of sterosed vessels 3.1 4 
No. of myecardial 0.6 1.3 
infarctions 
Myocardial dysfunction 1.0 2.4T 
score 
No. of cigarette smokers 1 3 
Hemoglob:n content (g 96) 14.1 12.81 
No. receiv ng halothane 4 4 
No. receiv. ng propranolol 8 7 


* P5om Mixed venous Peo. 
T Signfficant difference between groups (p < 0.05). 


TABLE 3 


Correlations and Regressions of Ps; Standard and Other 
Cardiovascular Parameters* 








Pe-ameters Regression equation r p 

Arterial-mixed venous O; Psom = 21.5 + 1.5 0.63 0.003 
content Gifference and C(a-mv)O; 
Pso std 

Coronary sinus and mixed Pso., = 1.1 Psom — 0.91 «0.001 
venous Fs, std 1.65 

Preoperatiwe PAW and Ps; Psom 1.3 PAW + 0.61 <0.01 
std 12.8 

Preoperative hemoglobin Psom = 40.4 — 0.88 0.42 0.03 
and Pso ad Hb 


Preoperative hemoglobin, 0.002 
cardiac cysfunction, and 


P50 std 


Hb + 1.4 (C Dys) 


* Pso Sad, Pso standard; Psom, mixed venous Pso standard; C(a-mv)O;, 
arterial-mixed venous Oz content difference; Pso.., coronary sinus Pso 
standard; PAW, pulmonary artery wedge pressure; Hb, hemoglobin; C 
Dys, cardiac dysfunction index. 
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for mixed venous Ps, (26.6 torr), coronary sinus Ps, is 
27.6 torr, and that the difference increases as Ps» rises. 
We performed regression correlation analysis of he- 
moglobin content, cardiac dysfunction, and mixed 
venous Ps, (Table 3). The loose relationship between 
P5; and hemoglobin is improved by the addition of 
cardiac dysfunction as a third variable, suggesting that 
the effects of cardiac dysfunction upon P5 are at least 
in part independent of changes in hemoglobin. 


Intraoperative Findings 


Intraoperatively, the two groups differed in Pso 
response to anesthesia and cardiopulmonary bypass. 
After induction of anesthesia, Ps increased signifi- 
cantly in those subjects who had had normal preop- 
erative P59 values (group I) (Fig 1). This increase was 
maintained before bypass; also, by analysis of vari- 
ance, the two postbypass values were not significantly 
different from prebypass values. In contrast, patients 
who had P5, values that were already elevated (group 
I) showed no further increase after induction of 
anesthesia. 

Patients in group II with elevated mixed venous Pso 
values also tended to have even higher coronary sinus 
Po values before bypass (Fig 2). However, after car- 
diopulmonary bypass, the gradient between coronary 
sinus P5; and mixed venous Pso was eliminated, and 
both P5; values were not statistically different from 
P50 values for group I. 

In Fig 3, stroke work index is plotted against pul- 
monary arterial wedge pressure before and after by- 
pass. The downward shift of the postbypass point 
indicates ventricular depression in all 26 patients. 
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Fig 1. Mixed venous Ps, increased after induction of anesthe- 
sia in group | patients: 1 = before induction; 2 = after intubation; 
3 = after sternotomy; 4 = after bypass; and 5 = after sternal 
closure. 
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Fig 2. Cardiopulmonary bypass reduced the mixed venous- 
coronary sinus Pso gradient in group Il patients: 1 = before 
induction; 2 = after intubation; 3 = after sternotomy; 4 = after 
bypass; and 5 = after sternal closure. 
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Fic 3. Ventricular function was depressed after cardiopulmo- 
nary bypass in group Il patients. A = value after sternotomy, @ 
= value after cardiopulmonary bypass. Values are means + 
SEM. 


We determined venous O+ saturation directly and 
indirectly in eight additional patients. Mean values 
(+SD) for venous O» saturation during halothane-O» 
anesthesia were 84.1 + 5.4% when directly measured 
with a hemoximeter (OSM2, The London Company) 
and 82.5 + 6.3% when calculated from measured O» 
content (Klingenmeier method). Values during halo- 
thane-O2-N2O anesthesia were 76.5 + 13.4% when 
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directly measured, and 75.4 + 14.5% when indirectly 
measured. Therefore, directly measured saturations 
were slightly higher with both anesthetic techniques 
than those calculated from directly measured O» con- 
tents. These differences were not significant by paired 
t-test (p « 0.05), and more important, the addition of 
N2O did not increase this difference. 


Discussion 


These data reveal several interesting findings. First, 
induction of anesthesia elevates Ps only in those 
patients with normal Pso values prior to surgery. 
Second, patients with other findings suggestive of 
cardiac decompensation have elevated P5, values, and 
coronary sinus P5, is consistently higher than mixed 
venous Ps, in these patients. Last, cardiopulmonary 
bypass reduces P59 measured from coronary sinus 
blood. 

Although these are interesting findings their rele- 
vance to the practice of anesthesia is not immediately 
obvious. Is a 4 torr change in P50 associated with a 
large alteration in oxygen transport? Or is this change 
overwhelmed by commonly seen intraoperative con- 
ditions and events such as hyperventilation, acidosis, 
and anemia? Fig 4 gives some perspective to this 
question. It shows the standard oxyhemoglobin as- 
sociation curve (A), together with a curve (B) whose 
P50 is 4 torr greater. Assuming a mixed venous oxygen 
tension of 40 torr, 3696 more oxygen is available from 
blood with the higher Ps, as it traverses the peripheral 
tissue. Conversely, this might allow a 3696 decrease in 
cardiac output for the same oxygen delivery, an ad- 
vantageous state of affairs in the presence of conges- 
tive heart failure and compromised peripheral tissue 
oxygen delivery. However, the increase in oxygen 
delivery is a function of mixed venous oxygen tension. 
As the latter decreases so does the increase in oxygen 
delivery, since the curves get closer to each other as 
they approach the origin. Hence if mixed venous 
oxygen tension is 20 torr, the increased oxygen avail- 
ability of curve B is only 10% greater than curve A. 
Whether these theoretical considerations apply in 
practice has not been demonstrated. However, cir- 
cumstantial evidence suggests that under a wide va- 
riety of circumstances that threaten tissue oxygen 
delivery in animals and in man, Ps changes in an 
appropriate direction to allow increased tissue oxygen 
delivery,” thus suggesting that changes in Ps; do 
have physiologic relevance. 

Given that significant alterations occur, can they be 
overwhelmed by acidosis or alkalosis that might occur 
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FiG 4. Increased oxygen availability associated with a 4 torr 
increase in Pso. Curve A has a normal Peo (26.6 torr). Curve B 
has a Pso of 30.6 torr. The arrows show changes in oxygen 
saturation from 100% to the saturation associated with an oxy- 
gen tension of 40 torr, as might occur when blood traverses 
peripheral tissues. Curve B will allow 36% greater oxygen un- 
loading. 


during anesthesia? Metabolically induced changes in 
pH alter P5o by 2.5 torr for every 0.1 change in pH 
and the change in Pso is even greater in response to 
ventilation-mediated changes in pH. For each 0.1 
increase in pH, Pso increases by 3.1 torr.’ (Alterna- 
tively, if Pco, increases from 40 to 50 torr, P59 increases 
by 2.5 torr). Conversely, temperature-mediated 
changes in Pso are of smaller magnitude. A 5 C 
decrease in temperature increases P5; by approxi- 
mately 1.3 torr.? 

Whether our observed changes in oxyhemoglobin 
affinity during anesthesia are of practical importance 
is difficult to demonstrate. The observed changes in 
P59 are large enough to influence oxygen transport; 
however, the alteration of P5o brought about by ven- 
tilation-related changes in pH during anesthesia might 
well overshadow the effects of the anesthetic agents 
on P50. Conversely in patients in group II, in whom 
Pso was elevated preoperatively in response to cardiac 
disease, changes in pH associated with changes in 
ventilation might assume some importance. We 
would infer that respiratory alkalosis and the associ- 
ated reduction of P5; should be avoided. We did not 
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induce respiratory alkalosis in our patients and hence 
did not assess its possible deleterious effects. 


Changes in P5, Associated with Induction of 
Anesthesia 


What might elevate P50 values from normal with 
induction of anesthesia, as occurred in group 1? Other 
investigators" using methods different from ours, 
have shown similar displacements to the right of the 
hemoglobin oxygen dissociation curve in patients 
anesthetized with a variety of anesthetic agents, in- 
cluding halothane and nitrous oxide. The mechanism 
of this change remains obscure. Studies using mag- 
netic resonance suggested that halothane alters the 
conformation of the hemoglobin molecule." How- 
ever, Severinghaus et al'* conclusively showed in vitro 
that halothane had no effect on Pso, ° thus suggesting 
that conformational changes in the hemoglobin mol- 
ecule were not responsible for the in vivo effects of 
halothane on Pso. Only half of our patients were 
anesthetized with halothane. However, the factor 
common to both techniques was nitrous oxide, which 
may be the agent responsible for the observed in- 
crease in P50. 

We considered the role of several other factors 
known to influence Ps. They included artifactual 
errors, drugs, and physiologic changes. In each case 
they did not appear to play a major role. An artificial 
elevation of P5; would occur if errors in determination 
of oxygen saturation were caused by administration 
of nitrous oxide. The hemoximeter used in this study 
(OSM2, The London Company) hemolyzes red cells 
with ultrasonic energy. This process could conceiva- 
bly produce nitrous oxide bubbles, which in turn 
could cause errors in saturation determinations. To 
test this hypothesis, we studied eight additional pa- 
tients. In our small comparison study, directly meas- 
ured saturation was slightly higher than calculated 
saturation during both nitrous oxide and oxygen 
breathing. Administration of nitrous oxide did not 
increase this observed difference or have any observ- 
able independent effect upon measured saturation. 
These comparison studies were not done on the orig- 
inal patient sample, and the number of additional 
patients studied was small. 

Mathematical errors in the algorithm used to cal- 
culate Po from oxygen tension and saturation might 
alter Ps in an artificial manner. To test this hypothesis 
we calculated P50 using saturation and tension values 
taken from the standard oxygen dissociation curve 
over a range of saturation from 10% to 95%. Pso 
calculated in this manner deviated less than 0.2 torr 
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from 26.6 torr in all cases, thus excluding mathemat- 
ical error as the cause of our results. 

Many other factors may affect Pso. Propranolol 
increases hemoglobin oxygen dissociation in vitro 
when large doses are administered." However, at 
least one study!" has suggested that when clinical 
dosages are used, propranolol has no significant effect 
on Ps. In any case, the incidence of propranolol usage 
was the same in both groups and does not explain the 
differing responses to induction of anesthesia in each 
group. Similar conclusions apply to nitroglycerin 
usage which was the same in both groups. 

Other investigators" have shown that radio-con- 
trast dye slightly increases P50. However, although 
radio-contrast dye was used in both anesthetic tech- 
niques during insertion of coronary sinus catheter, its 
use again does not explain the differences between 
the groups. 

All changes in blood gas tensions were corrected 
for and presumably exerted no influence. Chronic 
acidosis might be associated with decreased P50 and 
cardiovascular dysfunction." However, such changes 
would oppose those observed in group II, thereby 
depressing P50, and would not explain the changes in 
group I after induction. 

Changes in potassium concentration have been as- 
sociated with changes in Pso,? but we have no data to 
address this point. 

We are left with the conclusion that nitrous oxide 
remains as a common factor to both groups and may 
have been responsible for the changes in P5o observed 
with induction of anesthesia. 

If real, the increase in Pso after induction of anes- 
thesia might be advantageous, as it aids tissue oxygen 
unloading during surgical stress. However, the in- 
crease was observed only in patients who already had 
adequate hemoglobin content and normal cardiac 
function. Those who more obviously might have ben- 
efited from the change— patients with depressed he- 
moglobin content and cardiac function—had no fur- 
ther elevation. 


Coronary Sinus-Mixed Venous P59 Gradient 


The second major finding of our study was the 
gradient between coronary sinus and mixed venous 
Psos in group II. There are two possible explanations 
to account for this gradient: a transient state during 
which myocardial P59 was suddenly elevated, or more 
likely, alteration of P59 in a downward direction by 
other well oxygenated tissues. Otherwise, the contin- 
uous alteration of Pso in blood passing through the 
coronary circulation and the addition of this altered 
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blood to the venous return would cause mixed venous 
P59 to approach that of coronary sinus blood. The P5, 
of mixed venous blood may be the end result of many 
venous returns, each having an individual Ps, that 
depends on the state of tissue oxygenation of the 
organ being drained. 

In this group of patients with ischemic heart disease 
the myocardium contributes to the increased mixed 
venous P59. Could it be solely responsible for the 
elevated mixed venous P50? Dilution of coronary sinus 
flow into a 10 to 20 times greater flow in the right 
atrium suggests that the resulting elevation of mixed 
venous Ps, due solely to coronary sinus blood would 
be minimal. Moreover the patients with only ischemic 
heart disease (group I) did not have elevated P5, values 
preoperatively, whereas those having cardiac decom- 
pensation as well did have elevated P5, values. This 
suggests that elevation of mixed venous P5, must 
result from peripheral tissue hypoxia as well as from 
myocardial hypoxia. 


Effect of Cardiopulmonary Bypass on Coronary 
Sinus P5, 


In those patients comprising group II, cardiopul- 
monary bypass decreased the P5; of coronary sinus 
blood, but did not affect P5; determined from mixed 
venous blood. What might be the mechanism of this 
change? Others have shown reduced red cell adeno- 
sine triphosphate (ATP) as well as reduced 2,3-di- 
phosphoglycerate (2,3-DPG) after cardiac surgery??? 
Since both ATP and 2,3-DPG influence P5, these 
changes may well have altered P5o, and myocardial 
ATP depletion during cardiopulmonary bypass (as a 
consequence of aortic cross-clamping) might explain 
the depression of P50 we observed in coronary sinus 
blood. Since stored blood progressively loses red cell 
ATP and 2,3-DPG™ these losses may have been an- 
other factor influencing our results and those of 
Young et al^ We did not measure 2,3-DPG and 
cannot comment on possible changes in its concentra- 
tion, yet reduced 2,3-DPG concentration does not 
obviously explain the selective alteration of coronary 
sinus P59 we observed. Hence the most likely expla- 
nation is that the lowered P5, values in samples from 
the coronary sinus reflect lowered organic phosphate 
levels in red cells passing through an organ depleted 
of these compounds by ischemia during cardiopul- 
monary bypass. 

Other alternative hypotheses such as Ps, alterations 
due to hypothermia do not appear to explain our 
findings. The hypothermia associated with cardiopul- 
monary bypass decreases O» dissociation?; however, 


all patients in our study were warmed and had normal 
temperatures after bypass. 

The last optimistic hypothesis is that postbypass 
changes reflect adequate myocardial and tissue oxy- 
genation. Hence, an elevated P5; would no longer be 
needed for tissue oxygen unloading. If so, it is unsup- 
ported by postbypass cardiovascular function. Fig 3 
shows mean values for stroke work and the corre- 
sponding pulmonary arterial wedge pressures before 
and after bypass. Fig 3 can be regarded as one point 
on the average ventricular function curve before and 
after cardiopulmonary bypass. Improvement in ven- 
tricular function does not occur after bypass. 

Hence we have detected an effect of cardiopulmo- 
nary bypass upon the Ps» of great cardiac vein blood. 
Is this postbypass depression of great cardiac vein Ps 
a clinically significant depression? Does it compro- 
mise tissue oxygen availability, and should one adopt 
measures to improve postbypass hemoglobin oxygen 
unloading in this patient group? In a provocative 
study, Dennis et al? reported improvements in post- 
bypass ventricular function in 11 patients receiving 
blood enriched with 2,3-DPG when these patients 
were compared with 11 others receiving normal 
blood. However, their patients were anemic, and it 
may be that only in the presence of this additional 
threat to oxygen transport is a beneficial effect of 2,3- 
DPG enhancement unmasked. Our own results do 
not address this point. 

We have observed postbypass depression of oxy- 
hemoglobin dissociation in patients with compro- 
mised ventricular function. If the observed prebypass 
elevation of P50 is indeed a physiologic compensation 
for marginal tissue and myocardial oxygen delivery, 
postbypass management should attempt to compen- 
sate for the P5o depression in blood draining from the 
myocardium by avoiding alkalosis and hypothermia, 
and by using either fresh blood or blood enriched 
with 2,3-DPG for transfusion. Autologous transfusion 
obtained before bypass might help achieve this end. 


Time Course of Changes in P5, 


The changes in Pso observed in this study occurred 
much more quickly than P5, changes dependent upon 
alterations in 2,3-DPG. The increased 2,3-DPG and 
Pso that occur as a response to exposure to high 
altitude occur after 24 to 48 hours.” Acid-base me- 
diated alterations in 2,3-DPG and P5, also take several 
hours to develop." This observation implies that Pso 
in our study changed in response to some factor other 
than 2,3-DPG. Schappell et al” observed similar rapid 
changes in P59 during angina pectoris unrelated to 
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measured 2,3-DPG changes and were also unable to 
establish the mechanism of change. Whatever the 
cause, the rapid time course of these changes would 
seem to deny 2,3-DPG a role as their mediator in both 
our and Schappell's studies. 
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CASTHELY, P., CHALON, J., RAMANATHAN, S., AND TURNDORF, H.: Trachsobronchial cytologic changes during prolonged 
cannulation. Anesth Analg 59:759-763, 1980. 


The tracheobronchial cytology of eighteen patients undergoing prolanged mechanical ventilation were examined for 
the type of cell population present, together with the morphologic in egrity of the ciliated epithelial cells 1, 3, 5, 10, 
and 20 days after tracheal cannulation. Smears obtained from patients recovering from cardiac surgery were different 
from all others in that: (1) they contained fewer epithelial cells (ciliated and squamous) which disappeared earlier; (2) 
they initially had more pus cells which appeared earlier; (3) they orignally contained more histiocytes but these were 
not found after the 5th day after cannulation; and (4) their ciliated epithelial cells displayed more cytomorphologic 
changes. Differences in cytology were attributed to impaired cardiac output in these patients. The reduced perfusion 
pressure of the vasculature of their tracheobronchial tree was presumably unable to sustain the lateral wall pressure 
of tube cuffs pressure, which further impaired tracheal perfusion. Less reparative processes (squamous metaplasia 
and early appearance of histiocytes) were also found in patients following cardiac surgery, together with early invasion 


of smears by pus cells indicating premature lowered resistance to bacterial infection. 


Key Words: LUNG: trachea, bronchi; INTUBATION, Tracheal: cell changes; VENTILATION, artificial. 


DVANCES in technology and in the knowledge 

of respiratory physiology have contributed to 
reductions in the morbidity and mortality of patients 
undergoing prolonged mechanical ventilation.’ The 
complications of prolonged cannulation of the trachea 
have been well documented." ? Steps recommended 
to minimize their development have included: (1) 
intermittent inflation and deflation of intratracheal 
cuffs,’ (2) use of prestretched cuffs," and (3) the use 
of large thin walled low pressure cuffs.” Although 
these precautions reduce the development of acute 
complications, they do not eliminate them completely. 
We have noted several changes in tracheobronchial 
cytology caused by a wide variety of endogenous 
(hormonal, circulatory,'' * and cancerous ^) and 
exogenous (dry anesthetic gases,'^ '" smoking habit," 
respiratory viruses," *' and inhalation of toxic fumes 
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in fires”) factors. Whereas descriptions of histologic 
and scar ning electron microscopic changes associated 
with shert- and long-term endotracheal intubation in 
animal models are available in the literature," ?^* we 
are unable to find a description of the cytologic 
changes that follow prolonged clinical cannulation of 
the lower airway. Therefore, we have studied the 
exfoliative cytology of the tracheobronchial tree under 
this cordition in an attempt to gain insight on the 
pathophysiologic significance of the cellular changes 
that accompany it. 


Patients and Methods 


Eighteen patients who had given their informed 
consent were randomly selected for the study. They 
ranged m age from 10 to 78 years. Parents were fully 
informed and agreed to the inclusion in the study of 
their ch Idren less than 18 years of age. Reasons for 
mechan cal ventilation included: (1) respiratory insuf- 
ficiency after open heart surgery, (2) respiratory dis- 
tress symdrome, (3) head injuries, and (4) transections 
of the cervical spinal cord. All tracheas were intubated 
using low pressure cuff Hilo Ames tubes inflated to 
the point of no leak with cuff pressure measured 
every half hour.” Patients who had undergone open 
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heart surgery were tracheotomized after 5 days and 
all others after 15 days, using Shiley tubes. Gases 
inhaled by all patients contained 30% to 90% oxygen 
in N» saturated with humidity at 37 C by a Cascade 
humidifier. The moisture content of inspired gases 
was controlled thermometrically at the patient end of 
the delivery system. The endotracheal or tracheos- 
tomy tube was suctioned with a transparent catheter 
on days 1, 3, 5, 10, and 20 after cannulation to avoid 
cellular damage by multiple manipulations. The suc- 
tion catheter was cut at the point where it was seen to 
contain secretions which were retrieved with an ap- 
plicator stick, smeared on slides, spray-fixed at once, 
and stained (Papanicolaou). All smears were read by 
one of us (J.C.) who was unaware of their origin. 

Smears were microscopically examined to deter- 
mine the type of cells present in the tracheal aspirate. 
The total number of each cell type per 20 microscope 
fields (200X) was evaluated by a point scoring system: 
IO points for 1 to 50 cells of each type found, 20 
points for 50 to 100 cells, 30 points for 100 to 200 
cells, 40 points for 200 to 400 cells, and 50 points for 
more than 400 cells. If one group of patients was 
found to have early advanced inflammatory and/or 
reparative changes, the mean score of each cell type 
was compared to the cellular population found in all 
other specimens and plotted against time. In addition 
the morphologic integrity of the ciliated cell was 
assessed by the method of Chalon et al'^? using a 
scoring system in which each cell could score from 0 
to 6 points. If smears contained at least 200 ciliated 
cells, the cumulative cellular score (O to 1200) was to 
be computed. If fewer than 200 cells were present, the 
mean highest and lowest scores noted were quoted. 
Results were expressed as mean scores plus or minus 
one standard error of the mean, when relevant. Sta- 
tistical significance was assessed by commonly used 
variance techniques (t-test, chi square) at values of p 
< 0.05. 


Results 


The patients studied included five cases of open 
heart surgery (two valve replacements and three cor- 
onary artery bypasses), four head injuries, four cer- 
vical spine transections, four cases of chronic obstruc- 
tive pulmonary disease, and one case of bronchogenic 
carcinoma. There were too few ciliated cells in smears 
to obtain ciliated cellular scores. The scoring system 
of ciliated cells was thus limited to the indication of 
the highest and lowest cell scores noted per specimen. 
Patients who had undergone cardiac surgery had cell 
populations that were strikingly different from those 
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of all other cases, which were essentially similar to 
each other in that respect. In patients who had not 
undergone cardiac surgery, epithelial cells (ciliated 
and squamous) persisted until the 5th day postintu- 
bation (Fig 1). In noncardiac cases scavenger cells, i.e., 
histiocytes and neutrophils (referred to as pus cells), 
were first found in small numbers in smears, but by 
day 5 both types began to proliferate and by day 20 
smears only contained sheets of pus cells interspaced 
with numerous histiocytes (Fig 2). In patients who 
had undergone cardiac surgery (Fig 3) there were no 
epithelial cells of either type after day 3, histiocytes 
were numerous by day 5 but disappeared from smears 
by day 10, and pus cells gradually increased in num- 
ber until day 10, when smears contained only sheets 
of pus. In addition, malignant cells were seen in 
smears from the patient with a squamous cell carci- 
noma of the lung and 5% of the ciliated cells in these 
smears were multinucleated. The mean low ciliated 
cell score in cardiac patients on day 1 was 2.4 + 0.4 
and in noncardiac cases 3.9 + 0.6 (p < 0.0125), and 
the highest scores were 4.2 + 0.6 and 5.7 + 0.3, 
respectively (p < 0.0025). On day 3 the low ciliated 
score for cardiac cases was 1.4 + 0.3 and for noncar- 
diac cases 2.9 + 0.5 (p < 0.005), and the high scores 
2.6 + 0.5 and 4.5 + 1, respectively (p < 0.0025). On 
day 5 there were only ciliated cells in the noncardiac 
group, which scored a maximum of 2.7 + 0.6 and a 
minimum of 1.8 + 0.5 (Fig 4). 


Discussion 


The postoperative care of intubated patients in- 
cluded: (1) ventilation with 30% to 90% oxygen in 
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POSTOPERATIVE DAY 


FIG 1. Mean cell population score (+1 SE) in smears from 
cannulated patients who had not undergone cardiac surgery, 1, 
3, 5, and 10 days after cannulation. Squames, Epithelial squa- 
mous cells. 
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FiG 2. Left, pus cells in smear taken 20 days after cannulation 
from a patient who had not undergone cardiac surgery. Note 
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POSTOPERATIVE DAY 


FiG 3. Mean cell population (+1 SE) in smears from patients 
who had undergone cardiac surgery, on days 1, 3, 5, 10, and 
20 after tracheal cannulation. Squames, Epithelial squamous 
cells. 


sheets of pus intermingled with dark nuclei. Right, histiocytes in 
same smear. Papanicolaou stain; 400 x. 


nitrogen, (2) tracheobronchial toilet every morning, 
repeated as needed, and (3) ventilation with gases 
saturated with water vapor at 37 C by a Cascade 
humidifier (Puritan-Bennett, Inc, Santa Monica, CA). 
Although a high Fro, is known to produce alveolar 
cellular damage, there is no published evidence to 
suggest that it causes cytomorphologic changes in the 
tracheobronchial tree. Since both cardiac and noncar- 
diac patients received comparable oxygen concentra- 
tions, which varied according to need, it was not 
possible to assess any potential effect of oxygen on 
the airways of our patients. 

The scoring system for the cell population count 
was used because of the enormous numbers of pus 
cells and histiocytes which made direct counts impos- 
sible in smears obtained on days 10 and 20. The 
presence of epithelial squamous cells in smears on 
the Ist day after cannulation could either have been 
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FiG 4. Left, ciliated cells in a smear obtained 1 day after 
tracheal cannulation from a patient who had not undergone 
cardiac surgery. Note morphologic integrity of the nucleus and 
cytoplasm, and presence of cilia and end-plates. The lower 
extreme left cell and right extreme upper two cells are goblet 


due to exfoliated pharyngeal or laryngeal cells intro- 
duced into the lower airway during intubation or to 
metaplasia of ciliated cells. Wilhelm” states that cil- 
iated cells undergo squamous metaplasia as early as 
1 to 8 hours after full thickness damage to the tracheal 
mucosa. In cardiac patients more squamous cells were 
found on the day after cannulation than in other 
patients (Figs 1 and 3), 14.2 + 2.4 and 9.2 + 0.8, 
respectively (p < 0.05), possibly because of early 
squamous metaplasia. This may have been due to an 
early scattered mucosal necrosis caused by reduced 
mucosal perfusion resulting from: (1) lowered cardiac 
output (2.8 + 0.75 L/min in cardiac patients and 4.7 
+ 1.1 L/min in all others), (2) reduced mean systemic 
arterial pressure (98 + 2.6 torr in cardiac patients and 
125 + 3.7 torr in other patients), (3) lateral wall cuff 
pressure,” and (4) the frequent use of vasopressors to 
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cells. Right, ciliated cells obtained 3 days after tracheal intuba- 
tion in a patient who underwent cardiac surgery. Note cellular 
shrinkage, cytoplasmic and nuclear distortion, and absence of 
cilia and end-plates. An epithelial squamous cell is seen at the 
bottom. Papanicolaou stain; 400 x. 


support cardiac output in cardiac patients (norepi- 
nephrine or metaraminol drips in all cases and occa- 
sionally dopamine). Since there was no statistically 
significant difference in cuff pressures in both groups 
it is unlikely that this factor influenced our results, 
although it might have caused mucosal ischemia in 
patients with a failing heart. 

After day 1, all squamous cells found in smears 
were most. probably due to squamous metaplasia, 
since the few squamous cells introduced during in- 
tubation would by then have been suctioned during 
bronchial toilets. More marked morphologic damage 
to the ciliated cells of cardiac patients and their earlier 
disappearance from smears offer evidence of lower 
mucosal resistance. 

Histiocytes which usually appear in tracheal smears 
serve to remove inhaled particles and particulate de- 
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bris from necrotic cells. Their early appearance in 
large numbers in smears from cardiac patients indi- 
cates an attempt to clear the airways and prepare 
them for the initiation of reparative processes. How- 
ever, their replacement by pus cells on day 10 in this 
group implies bacterial contamination and probably 
indicates the development of early extensive mucosal 
necrosis associated with liquefaction of necrotic cells, 
leading to the formation of pus. 

Smears from noncardiac patients contained histio- 
cytes until day 20 and infiltration with large numbers 
of pus cells was delayed and occurred subsequently 
at a lower pace. By day 20 there were overt signs of 
bacterial infection mingled with reparative processes, 
thus indicating less acute inflammatory changes. The 
tracheostomy performed on the Sth day after cannu- 
lation in cardiac patients was not responsible for the 
influx of pus cells in their smears. While the tracheal 
stoma is healing, the tracheostomy tube produces a 
foreign body reaction that attracts histiocytes. It is 
only when the stoma is infected that pus cells are 
seen. There was no evidence of stomal infection in 
any of our patients and the influx of pus cells on day 
10 was most probably due to reduced mucosal per- 
fusion which weakened mucosal resistance. This fa- 
vored the appearance of pus cells and inhibited re- 
parative processes as shown by the absence of histio- 
cytes in subsequent smears. 

We conclude that prolonged tracheal cannulation 
causes marked mucosal changes, but the rate of de- 
velopment of these changes appears to be related to 
the adequacy of mucosal perfusion. 
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Physostigmine Antagonizes Ketamine 


Col. Adalberto Toro-Matos, MD,* Maj. Alberto M. Rendon-Platas, MD,+ 
Maj. Ernesto Avila-Valdez, MD,T and Lt. Col. Rolando A. Villarreal-Guzman, MD} 


TORO-MaTOS, A., RENDON-PLATAS, A. M., AVILA-VALDEZ, E., AND VILLARREAL-GUZMAN, R. A.: Physostigmine antago- 


nizes ketamine. Anesth Analg 59:764-767, 1980. 


In a random cross-over double-blind trial, the effects of intravenous physostigmine salicylate (2.0 mg) and placebo 
were observed in seven healthy volunteers 10 minutes after the intravenous administration of 1.5 mg/kg of ketamine. 
Recovery time was significantly shorter after physostigmine than after placebo. Nystagmus and blurred vision, which 
followed ketamine anesthesia, disappeared more rapidly when physostigmine was given. This study confirms previous 
observations that physostigmine counteracts some of the manifestation of ketamine aftereffects which resemble the 
so-called central anticholinergic syndrome. Nausea and vomiting were significantly more frequent after physostigmine 


administration. 


Key Words: ANESTHETICS, Intravenous: ketamine; ANTAGONISTS, Miscellaneous: physostigmine. 


N ADDITION to the well documented efficacy of 

physostigmine in reversing the central manifesta- 
tions of atropine poisoning, there have been reports 
that it is useful in the treatment of central side effects 
of other drugs such as tricyclic antidepressants and 
antihistamines.” Some central manifestations of 
drugs antagonized by physostigmine resemble the so- 
called "central anticholinergic syndrome.’” Balmer 
and Wyte reported recently that physostigmine 
shortens the duration of ketamine anesthesia in man. 
The present study was designed to evaluate under 
controlled conditions and in the absence of other 
drugs affecting the sensorium, the effects of physo- 
stigmine on ketamine anesthesia in man. 


Methods 


Seven healthy male volunteers aged 25 to 30 years 
(residents in anesthesia) were given 1.5 mg/kg of 
ketamine intravenously over a period of 5 minutes on 
two different occasions at intervals of 48 hours. On 
both occasions the subjects were given 2 mg of atro- 
pine intravenously 10 minutes before injection of 
ketamine. 

The subjects were allocated in a random order to 
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receive an intravenous injection of either placebo 
(distilled water) or 2 mg of physostigmine salicylate, 
10 minutes after injection of ketamine. Both subjects 
and investigators were unaware of the contents of the 
ampules containing either placebo or physostigmine 
salicylate. The ampules were identical and labeled 
only with a code number which was disclosed after 
the study was finished. 

Blood pressure (measured sphygmomanometri- 
cally), heart rate, and ECG were monitored before the 
administration of atropine and continuously thereaf- 
ter until the subjects had recovered from ketamine. 
Nystagmus was assessed visually and its termination 
recorded when oscillatory ocular movements were no 
longer present. The presence of blurred vision and 
nausea were determined by questioning subjects upon 
recovery and continually thereafter. Recovery time 
was defined as the interval between the end of the 
injection of ketamine and the moment at which the 
subject was able to give his name and was oriented as 
to time, place, and person. 

Each subject was also questioned 2 and 24 hours 
after administration of ketamine to evaluate the extent 
of amnesia for events preceding the experiment and 
for dreams or hallucinations. 

A chi-square test was used to assess differences in 
the frequency of all or none responses; Student's t- 
test was used to assess statistical significance of dif- 
ferences in continuous variables. A p value of 0.05 
was considered statistically significant; results are 
given as means + SEM. 
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Results 


The preanesthetic administration of atropine was 
followed by small but significant increases in heart 
rate and systolic blood pressure (p < 0.05). The 
diastolic blood pressure remained unchanged. Heart 
rate and blood pressure after atropine were the criteria 
used to evaluate the effects of ketamine, physostig- 
mine, and placebo. 

The administration of ketamine increased both 
heart rate and blood pressure ( p < 0.005). The sub- 
sequent administration of placebo had no effect on 
these cardiovascular variables. Physostigmine signif- 
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Fia 1. Heart rate immediately before and after completion of 
the injection of ketamine, 1.5 mg/kg/IV, and after administration 
of either placebo or physostigmine, 2.0 mg IV. Mean + SEM. 
* Significantly higher than before ketamine; p < 0.005. + Not 
significantly different from the values immediately following ke- 
tamine; p < 0.05. 
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FiG 2. Systolic arterial blood pressure immediately before and 
after completion of the injection of ketamine, 1.5 mg/kg/IV, and 
after administration of either placebo or physostigmine, 2.0 mg 
IV. * Significantly higher than before ketamine; p < 0.005. 
** Significantly lower than the corresponding value immediately 
following ketamine; p < 0.002. 


icantly decreased systolic and diastolic blood pres- 
sures ( p < 0.02 and p < 0.05, respectively). Heart rate 
decreased but not significantly after physostigmine. 
(Figs 1 to 3). 

Recovery time after placebo injection averaged 34.1 
+ 2.7 minutes. When physostigmine was used recov- 
ery time averaged 6.1 + 0.5 minutes ( p « 0.001) (Fig 
4). 

All subjects experienced nystagmus and blurred 
vision during recovery from ketamine; both side ef- 
fects lasted shorter periods of time when physostig- 
mine was administered. The duration of nystagmus 
was 39.6 + 1.3 minutes after physostigmine, 50.3 + 
2.9 minutes after placebo ( p < 0.001) (Fig 5). Blurred 
vision lasted 19.4 + 1.7 minutes after physostigmine 
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FiG 3. Diastolic arterial blood pressure immediately before and 
after completion of injection of ketamine, 1.5 mg/kg/IV, and 
after placebo or physostigmine, 2.0 mg IV. * Significantly higher 
than before ketamine; p < 0.01. * * Significantly lower than the 
value immediately after ketamine. p < 0.005. 
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FiG 4. Recovery time after placebo or physostigmine. Values 
are means + SEM. The difference is statistically significant; p 
< 0.001. 
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compared with 22.7 + 1.4 minutes after placebo ( p 
< 0.001) (Fig 6). 

All subjects experienced moderate salivation during 
recovery from ketamine. When given placebo injec- 
tions no subject developed nausea or vomiting; phy- 
sostigmine caused nausea and/or vomiting in four of 
the seven subjects. 

When questioned 2 and 24 hours after ketamine 
injection all subjects remembered having had bad 
dreams regardless of whether placebo or physostig- 
mine had been administered. Dreams varied from 
agreeable to anguishing. All subjects were aware that 


PHYSOSTIGMINE |], 





TIME IN 
MINUTES 


FiG 5. Time of disappearance of ketamine nystagmus after 
placebo or physostigmine. Values are means + SEM. The 
difference is statistically significant; p < 0.001. 
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FiG 6. Time of disappearance of ketamine blurred vision after 
placebo or physostigmine. Values are means + SEM. The 
difference is statistically significant; p < 0.001. 
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recovery time was shorter after physostigmine than 
after placebo. 


Discussion 


Although barbiturates, neuroleptics, and narcotics 
may attenuate adverse psychic responses to ketamine, 
the duration of the response to ketamine remains 
uninfluenced by such treatments and, indeed, by use 
of stimulants."' The adverse psychic responses, fre- 
quently associated with ketamine, closely resemble 
the so-called central anticholinergic syndrome (Table) 
which is produced by a large number of drugs." On 
the other hand, physostigmine, a cholinergic capable 
of crossing the blood-brain barrier and entering the 
brain, has been shown capable of antagonizing the 
central anticholinergic syndrome associated with de- 
pressant drugs such as the phenothiazines, dehydro- 
benzperidol, benzodiazepines, and general anes- 
thetics." ^ 

Our demonstration that physostigmine mitigates 
the central aftereffects of ketamine supports the view 
of Winters and Kott” that such aftereffects are related 
to anticholinergic actions of ketamine in the central 
nervous system. 

The administration of atropine to our subjects did 
not obscure the results; the differences between pla- 
cebo and physostigmine were quite clear. We recog- 
nize, however, that some advantage could have been 
obtained by using an anticholinergic drug, such as 
glycopyrrolate, which does not significantly cross the 
blood-brain barrier. 

The dose of physostigmine used in this study was 
chosen empirically as being in the lower part of the 
wide range reported in the literature for the reversal 
of the undesirable central nervous system aftereffects 
of other drugs.' ^? We observed a positive effect with 
an average of 27 ug/kg of physostigmine salicylate. 
However, many of our subjects showed undesirable 
parasympathetic responses, especially nausea and 
vomiting. Perhaps a smaller dose might still be effec- 
tive and yet devoid of those side effects. The fact that 
physostigmine is capable of producing peripheral par- 








TABLE 
Components of the ''Anticholinergic Syndrome" 
Central Peripheral 

Anxiety Tachycardia 
Delirium Hyperpyrexia 
Disorientation Mydriasis 
Hyperactivity Vasodilation 
Coma Inhibition of secretions 
Death Urinary retention 
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asympathomimetic effects indicates that it may be 
contraindicated in conditions such as obstructive dis- 
ease of the genitourinary and gastrointestinal tracts as 
well as in patients concurrently treated with reser- 
pine? or with lithium salts.*’ Additionally, the use of 
physostigmine is restricted in patients with bronchial 
asthma, chronic pulmonary obstructive diseases, and 
myocardial ischemia. 
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Age and the Spread of Local Anesthetic Solutions in 
the Epidural Space 
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PARK, W. Y., MASSENGALE, M., KIM, S.-I., POON, K. C., AND MACNAMARA, T. E.: Age and the spread of local anesthetic 
solutions in the epidural space. Anesth Analg 59:768-771, 1980. 


Sensory level of anesthesia following the epidural injection of 20 ml of 1.596 lidocaine with epinephrine (1:200,000) 
in 238 adult males averaged T; ;, Tse, and Ts; at 10, 20, and 30 minutes, respectively. Patient age had no significant 
effect on local anesthetic requirements per spinal segment per unit height until age 40 years, above which age the 
calculated amount of local anesthetic decreased significantly to 0.62 ml from 0.69 ml/segment/meter of height. 
Above age 40 there was no further decrease in epidural anesthetic requirement with advancing age. Patient height 
was inversely related to sensory level (p « 0.001). Time required for anesthesia to recede to T,2 averaged 164 minutes 


and was slightly but significantly (p < 0.05) prolonged with advancing age. 


Key Words: ANESTHETIC TECHNIQUES: epidural; AGE FACTORS: epidural anesthesia. 





ROMAGE"” has reported that the spread of ep- 
idural anesthetic solution is related to patient 
age and that from age 20 to 80 years the calculated 
dose of local anesthetic required to block one spinal 
segment diminishes in a linear manner. However, it 
has been our clinical impression that age plays only 
a minor role in determining the sensory level during 
epidural anesthesia. The present study was designed 
to refute or verify this impression. 


Methods 


Two hundred thirty-eight adult men who required 
epidural anesthesia for elective surgery were studied. 
None had a history of neurologic diseases or bleeding 
diathesis. The mean age of the patients was 51 years 
(range 21 to 84) and mean height 176 cm (range 156 
to 198). Informed consent was obtained from each 
patient prior to the procedure. Premedication con- 
sisted of diazepam (5 to 10 mg) and morphine sulfate 
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(5 to 10 mg), or a combination of both administered 
intramuscularly approximately 1 hour before surgery. 

After an intravenous catheter was inserted and a 
blood pressure cuff and ECG electrodes were applied, 
epidural anesthesia was performed as follows. The 
patient was placed in the lateral position on a hori- 
zontal operating table. A 217 Tuohy needle was intro- 
duced through the third or second lumbar interver- 
tebral space, and the epidural space was identified 
using "loss of resistance" technique. With the bevel 
of the needle pointing cephalad, 2 ml of 1.5% lidocaine 
with epinephrine (1:200,000) was injected. After 1 
minute, if there was no evidence of an inadvertent 
subarachnoid injection of the drug, 18 ml of the same 
solution was injected over a period of 30 seconds. An 
epidural catheter was inserted if indicated, and the 
patient was then turned to a supine position. 

Ten, 20, 30, and 60 minutes after injection of the 
anesthetic, the level of sensory blockade was deter- 
mined by pinprick along each midclavicular line and 
the arithmetic mean of the level on each side deter- 
mined. The time for regression of anesthesia to T;» 
was also noted. Unpaired t-test and correlation coef- 
ficients were used for the statistical analysis of the 
data. 


Results 


The mean levels of sensory anesthesia achieved 
after epidural injection of 20 ml of 1.596 lidocaine 
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TABLE 
Relationship between Patient’s Age and Epidural Anesthetic Spread* 





Level of analgesia (thoracic dermatome) after injection 




















Time for Time for 
Age group Me, id Height (mean 3: SEM) highest regression to mI/D/MT 
10 min 20 min 30 min 60 min Highest level level Tie 
yr cm min min 

20-29 35 179.0 9.4 7.4 7.0 T.Q 6.7 + 0.3 31.4 159.1 0.70 
«1.3 EOS EOS +0.4 +0.4 (11-2) +2.4 +6.6 +0.02 
30-39 22 178.9 9.4 7.6 7.0 7.0 6.6 + 0.5 29.5 148.4 0.69 
+1.6 +0.4 +0.4 +0.5 +0.5 (11-2) +2.3 = ai Mia +0.02 

40-49 28 176.4 7.51 5.91 5.01 5.0t 4.6 € O.3i 31.4 165.7 0.621 
1.5 +0.5 +0.4 +0.4 +0.4 (9-2) *2.7 +7.7 +0.01 
50-59 72 175.3 Per 5.0 95.1 3.1 4.1 €t 0.3 30.8 163.0 0.61 
+1.0 +0.3 *0:3 0:7 EOL (11-1) +1.8 +4.6 +0.01 
60-69 47 175.4 "2 4.9 4.5 4.5 4.1 EOS elie 164.2 0.62 
+12 +0.4 +0.4 +0.3 +0.3 (10-1) +1.8 +5.9 +0.01 
70-79 22 175.0 7:9 5.0 5.1 5.1 4.4 t 0.3 TE 184.9 0.63 
+1.4 +0.4 +0.4 +0.4 +0.4 (7-2) +1.9 +14.0 +0.01 
80-89 5 176.7 6.5 4.0 4.7 4.7 3.5 «X 0.8 24.0 161.4 0.60 
+2.56 +1.2 $1.1 +0.9 +0.9 (6-2) +2.4 +12.2 +0.02 
Arterioscler- 7 168.6 6.6 4.1 4.0 4.0 3.7+0.8 18.8 161.5 0.61 
otic, 40-71 +3.8 - EE 10 +0.8 +0.8 (7-1) +2.6 +13.3 +0.02 





* All values were compared with those of preceding age group (i.e., values of 30 to 39 age group were compared with those of 
20 to 29 age group and values of 40 to 49 age group with those of 30 to 39 age group, etc). 
t ml/D/M: Amount (ml) of 1.5% lidocaine with epinephrine (1:200,000) required to block one spinal segment per each meter of 


patient's height. 


tip < 0.001 denotes that values of 40 to 49 age group are significantly different from those of 30 to 39 age group. Range is 
shown in parentheses. Time indicates minutes after an administration of epidural block. 


with epinephrine (1:200,000) were T;;, Ts6, Ts., and 
Ts. at 10, 20, 30, and 60 minutes, respectively (Table). 
Approximately 30 minutes was required before the 
spread of sensory analgesia was complete. Despite 
wide individual variation in sensory levels within each 
age group, a statistically significant correlation was 
found between age and the level of sensory anesthesia 
(r = .3778, p < 0.001) (Figure). This was not apparent 
prior to age 40, but after age 40 sensory anesthesia 
level increased significantly to T4; from Tas. There- 
after, however, level of anesthesia remained essen- 
tially unchanged with advancing age. 

The patient's height also had a statistically signifi- 
cant effect on the level of sensory block (r = .2614, p 
< 0.001). Since the average height of the patients 
decreased with age (r = .2168, p < 0.001), the amount 
of local anesthetic per spinal segment per unit of 
patient's height was calculated as follows: amount of 
local anesthetic injected (milliliters) divided by num- 
ber of spinal segments anesthetized times height (me- 
ters). There was no significant difference in the 
amount of anesthetic per spinal segment per unit 
height until age 40, when the calculated anesthetic 
dose decreased significantly to 0.62 ml from 0.69 ml 


/segment/meter of height. Thereafter, however, no 
further decrease in anesthetic requirement occurred 
with advancing age. 

Time for sensory recovery to Ti» was 164 minutes 
and it was slightly prolonged with advancing age (r 
— .1279, p « 0.05). Sensory anesthesia level in seven 
known arteriosclerotic patients averaged T37. This 


was not significantly different from levels observed 


in patients of comparable age but without arterioscle- 
rosis. 


Discussion 


A number of factors influence the spread of local 
anesthetic solutions in the epidural space. Technical 
factors include the volume and concentration of an- 
esthetic solution, site and speed of injection, direction 
of the bevel of the needle, and position of the patient. 
Physical characteristics that influence spread include 
height, pregnancy, and arteriosclerosis." ^ Finally, in- 
trinsic anatomic factors that affect spread but which 
are uncontrollable include size and patency of inter- 
vertebral and sacral foramina, as well as capacity of 
the epidural space depending upon size and amount 
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r = 0.3778 
. P «0.001 


Analgesia Level (thoracic dermatomes) 







10 20 30 40 50 60 70 $0 90 
Age (vears) 
FicuRE. Relationship between patient age and level of epidural 


analgesia following epidural administration of 20 ml of 1.596 
lidocaine with epinephrine (1:200,000). 


of epidural fat and venous and lymphatic plexuses.” 7 
In our study even though technical factors and phys- 
ical characteristics, including age, were standardized, 
there was still a wide individual variation in level of 
analgesia achieved in each age group, due, no doubt, 
to intrinsic anatomic factors which play such an im- 
portant role in determining the epidural spread of 
anesthetic solution. 

Bromage" found a direct inverse linear relationship 
between patient age and epidural anesthetic dose 
required to block each spinal segment in adults. Our 
findings disagree with those of Bromage. We found 
that age had no significant effect on the amount of 
anesthetic required per spinal segment per unit height 
until age 40, when the calculated anesthetic dose 
decreased significantly to 0.62 ml from 0.69 ml/spi- 
nal segmen$/meter of height. Thereafter, epidural 
anesthetic requirement remained essentially un- 
changed with further increase in years. The difference 
in results of the two studies could be due to the fact 
that in Bromage's study? the volume of local anes- 
thetic varied between 7 and 25 ml, whereas we in- 
jected the same volume in all patients. We believe 
that the calculated segmental dose requirement can 
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vary greatly with total dosage (volume) of anesthetic 
injected. 

Local anesthetic solutions injected into epidural 
space in the lumbar area spread cephaladly, caudadly, 
and laterally.’ Lateral spread through intervertebral 
foramina is relatively unrestricted.’ Thus, the greater 
the spread of anesthetic solution in the lumbar and 
thoracic epidural space, the greater the number of 
intervertebral foramina through which the anesthetic 
may leak out laterally and thus, the greater the spread 
the greater the amount of solution needed per seg- 
ment blocked. Furthermore, when the anesthetic 
spreads into the sacral epidural space, anesthetic loss 
will be even greater through anterior sacral foramina 
which are open appreciably wider than the interver- 
tebral foramina, resulting in an even greater segmental 
dose requirement.’ For these reasons, the greater the 
total dose injected into the epidural space, the greater 
the segmental dose requirement, and vice versa. This 
was well demonstrated in a study by Grundy et al* 
which demonstrated that epidural injection of 15 ml 
of 0.75% bupivacaine produced analgesia to T54 (18.4 
segments) while 20 ml of the same solution blocked 
to T43 (19.7 segments), i.e., approximately 5 ml was 
required to block one additional segment above T;. 

Sensory levels of epidural anesthesia achieved in 
arteriosclerotic patients were not significantly differ- 
ent from those in a comparable age group of patients 
without arteriosclerosis in our study (Table). This 
agrees with reports in which comparisons were also 
made using a fixed volume,"? but disagrees with 
Bromage's report" that anesthetic spread is greater in 
arteriosclerotic patients when dose required per spinal 
segment was compared using variable volumes. This 
difference could again have been attributed to variable 
small volumes used in his study. 

In conclusion, epidural injection of 20 ml of 1.596 
lidocaine with epinephrine (1:200,000) produced sen- 
sory levels of anesthesia that were slightly but signif- 
icantly higher in patients older than 40 years of age 
than they were in younger patients. 
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Is Synchronization Important in IMV? 


Intermittent mandatory ventilation (IMV) allows patients to breathe spontaneously between me- 
chanically supported breaths. Recently, several manufacturers have implied that nonsynchronous 
application of the mechanical breath may depress cardiovascular function and increase pulmonary 
barotrauma. Because it is technically difficult and expensive to synchronize mechanical ventilation to 
spontaneous breathing, the authors sought to determine whether there is any significant difference in 
cardiopulmonary function during synchronous and nonsynchronous mandatory ventilation. Ten. 
anesthetized dogs received either IMV or synchronized IMV(SIMV) during mechanical ventilation 
with room air. There were no significant differences between IMV and SIMV for blood pressure, 
cardiac output, pulmonary artery pressure, pulmonary arteriolar resistance, pHa, Paco, Pao, or 
physiologic shunt fraction. These data fail to support the hypothesis that synchronization of sponta- 
neous and mechanically mediated breathing is physiologically beneficial. (Heenan TJ, Downs JB, 
Douglas ME, et al: Intermittent Mandatory Ventilation: Is Synchronization Important? Chest 77:598 - 
602, 1980) 

See also: Kirby RR: Commentary: A prori and a posteriori knowledge in medicine. Chest 77:597 -598, 
1980. 
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The incidence of headache after dural puncture in patients being treated for chronic pain was studied prospectively. 
Dural punctures were performed in 142 patients and headache developed in 13 (9.2%). Four of 32 patients (12.5%) 
who underwent diagnostic differential spinal and nine of 110 patients (8.2%) given intrathecal steroid injection 
developed headache. There was a 10.7% incidence of headache when a 22-gauge needle was used as compared to 
5% with a 25-gauge needle. This difference was not statistically significant. The incidence decreased with increasing 
age. The incidence of postdural puncture headache in chronic pain patients does not differ significantly from that 
previously reported for surgical patients. All patients who developed headache responded to treatment which consisted 


of intravenous and oral fluids, analgesics, bed rest, and, 


if necessary, epidural blood patch. 


Key Words: COMPLICATIONS: headache: ANESTHETIC TECHNIQUES: spinal. 





HE OCCURRENCE of postdural headache after 

dural procedure is a well recognized phenome- 
non and is attributed to leakage of cerebrospinal fluid 
through the dural rent.’ Although the incidence of 
postdural puncture headache in surgical patients has 
been investigated,” no such study has been done on 
patients with chronic pain. We therefore undertook 
a prospective study of the incidence of postdural 
puncture headache in this group of patients. 


Methods 


The incidence of headache following dural punc- 
ture done on chronic pain patients between July 1976 
to October 1979 was studied. Punctures were done 
either for intrathecal steroid injections for low back 
pain or for diagnostic differential spinal anesthesia. 
All patients were ambulatory. Either a 22- or 25-gauge 
needle was used. To determine the occurrence of 
postdural puncture headache, patients were asked 
directly if they had a headache. Inpatients were ques- 
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tioned during the 1st week after dural puncture. Out- 
patients were interviewed by telephone between 1 
and 3 days following injection and seen at a follow- 
up visit 1 week later. In addition, patients were asked 
to telephone if they developed a headache. Only 
headaches that were postural in nature were consid- 
ered to be postdural in etiology. 

The incidence of headache in these patients was 
compared to that of the general surgical population 
studied by Vandam and Dripps.” Comparisons were 
also made between the incidence of headache in the 
differential spinal and intrathecal steroid groups and 
for 22-gauge vs 25-gauge needles. The Chi-square test 
was used in the statistical analysis of the data. 


Results 


There were 142 dural punctures performed, 110 for 
intrathecal steroid injection and 32 for diagnostic 
differential spinal anesthesia. There were 90 men and 
22 women. Nine men (10%) and four women (7.7%) 
developed headache for a combined incidence of 
9.2%. Four of 32 patients (12.5%) in the differential 
spinal group developed headache as compared to nine 
of 110 patients (8.2%) given intrathecal steroid injec- 
tion. The incidence of headache was 10.7% after 22- 
gauge needle and 5% after 25-gauge needle (Table 1). 
This incidence decreased with increasing age, the 
highest incidence being in the 20 to 29 years old 
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TABLE 1 
Incidence of Headache in Relation to Needle Size* 
No. of dural 
Needle size punctures Headaches (%) 
22 gauge 103 11 (10.7%) 
25 gauge 39 2 (5.1%) 
* Chi-square = 0.487, p > 0.05. 
TABLE 2 
Incidence of Headache in Relation to Age 
Age No. OF dural Headaches (%) 
punctures 
yr 
20-29 23 4 (17.4%) 
30-39 36 4 (11.1%) 
40-49 32 3 (9.4%) 
50-59 29 2 (6.9%) 
60-69 14 0 
70-79 8 0 
142 13 (9.2%) 


group (Table 2). No patients older than 60 developed 
headache. In eight of 13 patients, headache lasted for 
only 1 to 2 days; headaches lasted for 5 to 7 days in 
two patients, for 8 to 14 days and in two patients, and 
for 15 days in one patient. Six patients required no 
treatment; three were treated conservatively with bed 
rest, fluids, and analgesics; one refused treatment 
beyond conservative management; and three required 
epidural blood patch. 

Of the three patients with long duration of head- 
ache (10 to 15 days), one patient refused epidural 
saline or blood patch. One was treated as an outpa- 
tient once a week and refused to be seen earlier when 
contacted by telephone. He preferred epidural saline 
on the Ist week after developing headache, and he 
consented and responded to epidural blood patch on 
the 2nd week. The third patient responded to epidural 
blood patch on the Sth day, but his headache recurred 
after physical therapy exercises. He was advised 
against vigorous exercise and his headache improved 
on the 9th day and was gone after 15 days. 


Discussion 


One of the functions of the cerebrospinal fluid is 
to serve as a cushion for the intracranial contents. The 
leakage of spinal fluid through the dural rent allows 
settling of the brain when the patient assumes the 
upright position. This causes tension or stretching of 
the sinuses and pain sensitive structures, the cerebral 
vessels, and meninges.’ A knowledge of the incidence 
and characteristics of postdural puncture headache is 


important. Postdural headache in addition to chronic 
pain puts an added stress on an overburdened per- 
sonality. Pain patients verbalize complaints readily 
and are easily frustrated by added pain. Patients 
admitted to our low back pain program have a full 
schedule of daily activities, including participation in 
physical, occupational, and vocational therapy; family 
sessions; biofeedback; relaxation techniques; and 
hypnotherapy. Headache limits their participation in 
these activities and may detract from the progress 
they have already made. Headache added to existing 
pain may cause them to return to strong analgesics, a 
practice eliminated with great difficulty by pain clinic 
physicians. 

Headache after dural puncture has unique diagnos- 
tic features which include: (1) postural nature, the 
headache is aggravated by sitting or standing; (2) the 
location is usually occipital, frontal, or postorbital and 
(3) auditory and visual disturbances may accompany 
severe headache.’ Although onset is usually 24 to 48 
hours postpuncture,’ the headache may begin within 
an hour? or upon assumption of a head-up position.” 
Three of our patients had headache within 24 hours. 
We inject steroids without local anesthesia and advise 
patients to increase their activity after injection. The 
steroid suspension is hyperbaric acid increased activ- 
ity enhances it dispersion. This early ambulation 
may be the reason for early onset of headache. 

Of 110 patients who had intrathecal steroid injec- 
tion 101 had previous myelogram and laminectomy. 
Intrathecal steroid injection was given for possible 
arachnoiditis.* In this group, there was a greater num- 
ber of dural punctures done with 22-gauge needles 
becauseof the difficulty of inserting a 25-gauge needle 
through a laminectomy scar. In the study of Vandam 
and Dripps^ 16-, 19-, 20-, 22-, and 24-gauge needles 
were used. Their overall incidence of headache was 
11%, not statistically significant (chi-square = 0.11, p 
> 0.05) from our incidence of 9%. If only data for 22- 
gauge (430 of 4952 patients developed headache) and 
24-gauge needles (37 of 634 patients) are included, 
the incidence of headache in the surgical population 
would be 8.36%, a value similar to ours. Neither was 
there a difference (chi-square = 0.04, p > 0.05) be- 
tween the incidence of headache in our study and that 
of Vandam and Dripps when the incidence with 22- 
gauge needles was considered separately from the 
headache incidence with other sizes. 

In our study, there was no significant difference in 
the incidence of headache when a 25-gauge needle 
was used rather than a 22-gauge needle (chi-square 
= 0.487, p > 0.5), although it is widely accepted that 
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POSTDURAL PUNCTURE HEADACHE 


the incidence of postdural puncture headache is 
higher when larger diameter needles are used. There 
was no difference in the incidence of headache be- 
tween the intrathecal steroid and the differential 
spinal groups (chi-square = 0.158, p > 0.05). In a 
differential spinal, there is greater needle manipula- 
tion, more time and more fluids injected compared to 
intrathecal steroid injection. These factors could in- 
crease the incidence of headache. The absence of 
significant differences in these areas may relate to the 
small number of patients. A larger population might 
show significant differences. 

Data on the frequency of multiple attempts at dural 
puncture and the corresponding evidence of headache 
were not obtained. In some multiple attempts, the 
subarachnoid space can be entered more than once 
without the operator’s knowledge, possibly resulting 
in increased incidence of headache. 

Most patients who developed headache responded 
to conservative management. The three patients who 
received epidural blood patch were all relieved of 
their headache. The efficacy of this treatment con- 
firms an earlier study which showed the procedure to 
be 97.5% effective in relieving headache after dural 
puncture.” 

The value of diagnostic differential blocks to dif- 
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ferentiate psychogenic, sympathetic, somatic sensory, 
and centrally mediated pain is well established.” In- 
trathecal steroid injections, in addition to epidural 
steroids, were given to our low back pain patients. 
These injections have been proven to be effective in 
relieving low back pain and sciatica.* 

The incidence of headache after dural puncture in 
chronic pain patients does not differ significantly 
from that of the general surgical population and can 
be treated effectively. Dural punctures, if indicated, 
should not be avoided in these patients. 
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GELFMAN, S. S., GRACELY, R. H., DRISCOLL, E. J., BUTLER, D., SWEET, J. B., AND WIRDZEK, P. R.: Recovery following 
intravenous sedation during dental surgery performed under local anesthesia. Anesth Analg 59:775-781, 1980. 


Recovery of psychomotor and perceptual performance from two combinations of intravenous sedatives was assessed 
in 124 oral surgical patients undergoing third molar extractions under local infiltration anesthesia. Ninety-four patients 
in the experimental group received 15 mg of diazepam and 20 to 200 mg of methohexital intravenously on one 
occasion and 12.5 mg of diazepam, 20 to 200 mg of methohexital, and 0.1 mg of fentanyl! intravenously on another 
occasion in a randomized, crossover design. Thirty patients in the control group received saline placebo intravenously 
during a single surgery. Both drug combinations produced significantly prolonged decrements in performance in 
comparison to placebo. Reduction in the diazepam dose from 15 to 12.5 mg and the addition of fentanyl, a short- 
acting narcotic, produced greater sedation without prolonging recovery. Psychomotor function recovered to preop- 
erative levels before perceptual performance. These results show that postsurgical deficits in psychomotor and 
perceptual function result from the sedative drugs and not from the effects of local anesthetics or physiologic and 
psychological responses to surgery. These results also suggest that psychomotor tests are inappropriate measures of 
recovery and that superior sedation with rapid recovery may be achieved with reduced doses of longer acting agents 


such as diazepam and with the addition of shorter acting agents that do not prolong recovery. 


Key Words: ANESTHESIA, dental; SURGERY, dental; ANALGESICS, fentanyl; HYPNOTICS, Benzodiazepines: 


diazepam. 





PIRALING hospital costs have increased the need 

for alternatives to inpatient care and have re- 
sulted in a dramatic increase in the number of oper- 
ations performed on an ambulatory basis using gen- 
eral anesthesia or local anesthesia combined with 
intravenous sedation. Outpatient operations are per- 
formed in millions of dental offices annually.’ Thus, 
each day thousands of patients are discharged soon 
after receiving relatively large doses of intravenous 
tranquilizers, barbiturates, or narcotics. 

The assessment of recovery from these anesthetics 
to "street fitness" is an essential area of clinical re- 
search. Clinicians should know when patients are able 
to react safely within their environment and assume 
normal activities. When can a patient walk unat- 
tended, drive a car, or make important personal or 
business decisions? Do different functions, such as 
motor coordination or perceptual ability, recover at 
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the same rates? Can recovery times be shortened by 
the use of specific drug combinations? 

This study compared changes in psychomotor, per- 
ceptual, and sensory-integrative functions associated 
with the use of two intravenous drug combinations 
commonly used to provide sedation in ambulatory 
oral surgical procedures performed under local infil- 
tration anesthesia. One combination consisted of di- 
azepam and methohexital, the other of diazepam, 
methohexital, and fentanyl. Psychomotor and percep- 
tual ability was assessed by several tests proven useful 
in previous studies.” These tests are both sensitive 
and free of practice effects that confound sequential 
measurement of recovery in crossover experimental 
designs. 


Methods and Materials 


Recovery from diazepam and methohexital and 
from diazepam, methohexital, and fentanyl was as- 
sessed in a previous study in which these two com- 
binations were randomly assigned to two experimen- 
tal groups.” Recovery was assessed immediately and 
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3 hours postoperatively. The present study assessed 
the same combinations with three methodologic im- 
provements. First, surgery was performed in two ses- 
sions so that each patient received each drug combi- 
nation in a randomized, crossover design. Second, a 
separate control group of patients received intrave- 
nous saline during the first session to evaluate the 
effects of the apprehensions, expectations, and 
stresses associated with venipuncture, drug adminis- 
tration, and surgery. Patients in the control group had 
their second operation performed with intravenous 
sedation. The present study thus included a crossover 
protocol designed to evaluate differences between the 
drug combinations, as well as a noncrossover protocol 
designed to compare drug combinations to placebo. 
Third, psychomotor performance was assessed in all 
patients at a 1-hour postsurgical assessment time in 
addition to the assessments made immediately and 3 
hours postoperatively because in a previous study 
psychomotor skills had recovered fully at 3 hours.” 

Fifty-two men and forty-two women, ranging in 
age from 18 to 35 years with mean ages 24.8 and 24.2, 
respectively, served as subjects. All subjects required 
surgical extraction of impacted and erupted third 
molar teeth. Only patients in A.S.A. physical status 
category I were included in the study. These patients 
were recruited from private practitioner referrals and 
from residents in training at the National Institutes of 
Health. The procedural aspects of “intravenous sed- 
ation” were explained to each patient during an inter- 
view approximately 2 weeks prior to surgery and 
informed consent for anesthesia and surgery was 
obtained according to the regulations of the NIH 
Clinical Center for the protection of human subjects. 
Subjects were informed that the intravenous agents 
and surgical techniques were in common use and the 
identity of the drugs could be revealed after their 
participation in the study. Patients were escorted 
home after surgery by a responsible adult of their 
own choosing. 


Drugs 


Drug combination F-D-M consisted of the intra- 
venous injection of 0.1 mg of fentanyl, followed by 
12.5 mg of diazepam, and finally 20 to 40 mg of 
methohexital (after a test dose of 10 mg). Patients 
given the F-D-M combination also received 0.4 mg of 
naloxone,” * a narcotic antagonist, intravenously at 
the time the last surgical suture was put in place. 
Combination D-M consisted of the intravenous ad- 
ministration of 15 mg of diazepam followed by 20 to 
40 mg of methohexital (after a test dose of 10 mg). 
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Intravenous normal saline (placebo) was substituted 
for fentanyl and naloxone in combination D-M. Note 
that combination F-D-M also differed from combi- 
nation D-M in that part of the diazepam dose (2.5 mg) 
was replaced by fentanyl.” * Only the person admin- 
istering the drugs knew whether a patient received 
combination F-D-M or D-M. All drugs were admin- 
istered at the rate specified in the manufacturer's 
instructions into an intravenous tubing through which 
a solution of 596 dextrose in water was running. The 
total dose of methohexital was reduced to 0 to 10 mg 
in less than 596 of the cases to avoid production of 
general anesthesia in the more susceptible patients. 
Fifteen minutes after the administration of the first 
intravenous medication, incremental doses of 10 to 30 
mg of methohexital were given ad libitum in both 
groups of patients to maintain adequate sedation 
throughout the surgical procedure. Although maxi- 
mum doses of methohexital were limited by protocol 
to 200 mg, the doses of methohexital actually admin- 
istered for the entire surgical procedure (approxi- 
mately 15 to 20 minutes), averaged 59.4 mg and 76.7 
mg for combinations F-D-M and D-M, respectively. 
This ad libitum dosage schedule for incremental 
methohexital parallels the widespread clinical appli- 
cation of this drug in current intravenous sedation 
techniques. 

Thirty control patients had similar third molar ex- 
tractions but received normal saline placebo injections 
in place of each active agent. The placebo drug was 
administered by a single-blind method so that the 
surgeon and the person giving the drugs intrave- 
nously, but not the patient, were aware that placebo 
sedation was used. Except for these placebo admin- 
istrations, the control group was treated in exactly the 
same manner as the patients receiving the drug com- 
binations. 

All patients received intraoral local anesthetic in- 
jections using 5.4 ml of 2% lidocaine with epinephrine 
1:100,000. Details of the time sequence for drug ad- 
ministration, local anesthesia and surgery are pre- 
sented in Fig 1. The patients breathed air at all times. 

The following physiologic parameters were moni- 
tored noninvasively: indirect arterial blood pressure 
(Arteriosonde, Automatic Blood Pressure Recorder, 
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FiG 1. Time sequences of drug and placebo administration, 
and anesthetic and surgical procedures. METH., methohexital. 
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Roche Laboratories, Nutley, NJ); heart rate and 
rhythm (lead II electrocardiograph); respiratory rate 
and depth (chest strap strain gauge); and arterial 
oxygen saturation (earpiece oximeter). No invasive 
monitoring techniques were employed. All informa- 
tion was recorded on a six-channel polygraph as 
described previously.” 


Experimental Design and Statistical Analysis 


The patients completed a battery of psychometric 
tests in each of five testing sessions. The tests were 
administered at the initial interview session approxi- 
mately 2 weeks prior to surgery and again immedi- 
ately preoperatively, immediately postoperatively, 3 
hours postoperatively, and 1 week postoperatively. In 
addition, the Trieger Dot test was given 1 hour post- 
operatively. All tests were given in the recovery area 
and took approximately 6 to 8 minutes to complete. 

Recovery data were analyzed using parametric t- 
tests comparing differences between presurgical and 
postsurgical scores in the experimental and control 
groups. Changes in these scores were computed for 
each test by subtracting the score of each of the 
postdrug conditions (immediate, 1 hour, 3 hours of 
postoperative testing session, or 1 week postopera- 
tively) from the mean of the predrug conditions (the 
baseline score from the initial and immediate preop- 
erative testing session). Changes in scores were com- 
pared between the experimental and control groups 
by uncorrelated t-tests and were compared for pos- 
sible differences between the two drug combinations 
using correlated t-tests. 


Tests 


Psychomotor Performance. The Trieger Dot test, a 
modification of the Bender Motor Gestalt tests, re- 
quires subjects to connect a series of dots with a 
continuous line. A total error score is determined by 
the number of broken or jagged lines, the number of 
dots missed, and the distance by which they are 
missed. This test was chosen for its sensitivity to 
psychomotor deficits produced by sedative drugs.? 
This paper and pencil test is easily administered and 
scored and is widely used in clinical dental studies. 

Perceptual Ability. The Perceptual Speed test, an- 
other simple paper and pencil test, was chosen to 
assess perceptual function. The test measures the 
speed with which a subject can find well known 
symbols in a mass of material.” The subject's task is 
to mark every digit in the row that is identical with 
the one circled at the beginning of that row. The 


number of correct responses in 1 minute is scored. 
We have shown previously that this test is sensitive 
to changes in central nervous system function asso- 
ciated with the drug combinations used in this study 
and that it is free of practice effects.” 

Critical flicker fusion frequency (CFF) was meas- 
ured to assess central nervous system integration. The 
subject determines the minimal flicker frequency (i.e., 
the least number of light flashes per second) sufficient 
to produce a sensation of a steady fused light. The 
CFF was determined using the Method of Limits, as 
the mean of three ascending and three descending 
trials. The CFF is a sensitive measure of the effects of 
central processing of information produced by a va- 
riety of anesthetic and sedative agents." "? 


Results 


Blood pressure remained essentially unchanged 
throughout surgery in all groups. A significant tach- 
ycardia followed administration of all drugs, includ- 
ing placebo. Heart rate also increased during surgical 
stimulation; this increase was greatest in patients re- 
ceiving the drug combinations. No arrythmias were 
noted. 

Respiratory rate decreased significantly for 10 to 12 
minutes following the administration of combination 
F-D-M. No significant reductions in respiratory rate 
were observed following either combination D-M or 
placebo. Respiratory depth and Po, were not evalu- 
ated. O» saturation decreased in patients receiving 
combination F-D-M, but not in patients receiving 
combination D-M or placebo. 

Although psychomotor and perceptual perform- 
ances were clearly affected by the drug manipulation, 
all patients were able to walk with assistance to the 
recovery area and to begin the postoperative testing 
regimen within 10 minutes after surgery. Many pa- 
tients slept postoperatively during the 3-hour rest 
period, but all were easily aroused. No clinical differ- 
ences in level of sedation were noted between the two 
drug combinations. 

Control patients given placebo injections showed 
no significant changes in performance in any test (Figs 
2 to 4). Patients in this group showed, however, classic 
signs of sedation. These reactions, although not the 
same in all patients, included decreased rate and 
depth of respiration, flaccid closure of eye lids, and 
reduced responsiveness to surgical stimuli. In infor- 
mal interviews approximately 1 week postoperatively, 
many patients in the control group did not believe 
placebo drugs had been employed. Some of the pa- 
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Fic 2. Trieger Dot test. Results indicate statistically significant 
decrements in performance immediately and 1 hour postopera- 
tively for both drug combinations. There are no significant 
changes in performance associated with the use of placebo 
injections. 
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Fic 3. Perceptual Speed test. Results indicate statistically sig- 
nificant performance deficits immediately and 3 hours postop- 
eratively for both drug combinations. There is no significant 
change in performance in the placebo control group. Note that 
patients receiving combination F-D-M performed significantly 
better immediately postoperatively than patients receiving com- 
bination D-M but 3 hours later the effects of the drug combina- 
tions were insignificant from each other but significantly different 
from the effects of placebo. 


tients in the control groups said they would recom- 
mend this form of "intravenous sedation" to a mem- 
ber of their family or to a friend. 

In contrast, drug combinations F-D-M and D-M 
produced significant performance decrements in each 
test as described below. 


Psychomotor Performance 


The Trieger Dot test (Fig 2) showed decrements 
similar to those found in previous studies.” ^ ^ ^ 1 
The test identified significant deficits associated with 
combinations F-D-M and D-M immediately postop- 
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FiG 4. Flicker fusion. Results indicate statistically significant 
but equal changes in threshold immediately and 3 hours post- 
operatively for both drug combinations and no significant change 
in thresholds for patients given placebo. 


eratively (p < 0.001) and 1 hour postoperatively ( p 
< 0.05), but not three hours postoperatively. Patients 
in the control group showed neither deficits nor prac- 
tice effects (Fig 2). No significant differences between 
combinations F-D-M and D-M were observed at any 
of the postoperative testing sessions. 


Perceptual Ability 


The Perceptual Speed test (Fig 3) showed statisti- 
cally significant performance deficits immediately 
postoperatively ( p « 0.001) for both drug combina- 
tions. Three-hour postoperative deficits were also 
significant for combination F-D-M ( p « 0.01) and D- 
M ( p « 0.001). Patients in the control group showed 
neither deficits nor practice effects on this test. Al- 
though both drug combinations produced significant 
deficits immediately postoperatively, patients receiv- 
ing combination F-D-M performed significantly bet- 
ter than combination D-M at that time ( p « 0.005). 

The critical flicker fusion frequency (CFF) de- 
creased immediately postoperatively ( p « 0.001) and 
remained decreased 3 hours postoperatively (p « 
0.001) in the drug groups but was unchanged in the 
control group (Fig 4). No significant differences were 
found between the drug combinations at any of the 
postoperative test sessions. 


Analysis by Body Weight 


We retrospectively divided our patient population 
into four weight categories («56 kg, 56 to 70 kg, 71 to 
85 kg, >85 kg) to determine whether doses of diaze- 
pam and fentanyl based on body weight and ad 
libitum doses of methohexital influenced recovery 
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FiG 5. Methohexital dose by weight. Patients receiving the 
fentanyl combination required larger doses of methohexital to 
produce similar levels of sedation. 


time. Because the protocol allowed for variations in 
dosage of methohexital, this was the only drug that 
could be used to bring the patients to the desired level 
of sedation. Fig 5 shows that the dose of methohexital 
increased as body weight increased. Because a fixed 
dose of diazepam was administered regardless of 
body weight, the dose of methohexital also increased 
as the dose of diazepam per kilogram of body weight 
decreased. Additionally, the levels of sedation pro- 
duced by combination F-D-M may have been 
achieved in combination D-M patients by further 
increasing the methohexital dose. 

Analysis of recovery data averaged over the two 
drug groups shows that patients in the higher weight 
groups (71 to 85 kg and >85 kg) performed signifi- 
cantly better immediately postoperatively on the Per- 
ceptual Speed test ( p « 0.05) than did patients in the 
lower weight groups («56 kg and 56 to 70 kg). Also, 
patients weighing 56 to 70 kg performed significantly 
better on the same test 3 hours postoperatively than 
did patients weighing less than 56 kg. The CFF test 
showed more rapid recovery in the heavier weight 
groups ( p < 0.1) immediately and 3 hours postoper- 
atively. Thus, heavier patients performed better than 
lighter patients even though they had received sub- 
stantially larger doses of methohexital (Fig 5). 


Discussion 


Recovery of cerebral function following use of cer- 
ebral depressants has been assessed by clinical signs 
such as waking time or the patient's ability to respond 
to simple commands.’ * However, recent reports 


show that clinical signs do not correlate well with 
more objective measures." We now define recovery 
as a return to "street fitness," i.e., the ability to resume 
normal daily activities such as decision making, driv- 
ing an automobile, or otherwise interacting safely 
within the environment. 

Because millions of patients annually are dis- 
charged early in the recovery period in the custody of 
medically untrained personnel, the extent and dura- 
tion of decrements in cerebral function caused by 
psychoactive intravenous drugs are important public 
health problems. In this study we assessed "street 
fitness" using a proven psychological method, as well 
as two simple paper and pencil tests that can easily 
be used in a routine clinical setting. 


Psychomotor Performance 


The Trieger Dot test is probably the most widely 
used test of recovery following use of psychoactive 
drugs. It is sensitive to gross psychomotor deficits 
following administration of clinical doses of intrave- 
nous and inhalation anesthetics commonly used in 
ambulatory anesthesia. However, its ability to meas- 
ure more subtle, long-lasting deficits has been ques- 
tioned.'” '* 

Our results with a controlled crossover design in- 
dicate that either the test is relatively insensitive or 
that simple psychomotor deficits recover early as 
Doenicke et al'* and Gale"? have suggested. Neverthe- 
less, the Trieger Dot test is easily administered and 
scored, free from practice effects, and sensitive to 
gross psychomotor deficits. 


Perceptual Ability 


Critical flicker fusion frequency is sensitive to cen- 
tral integrative deficits." "^ Central nervous system 
stimulants increase the CFF, whereas central depres- 
sants lower CFF. Our results in this study are con- 
sistent with previous reports of the effects of intra- 
venous sedatives on CFF frequencies." '* 

The results of the Perceptual Speed test indicate 
that perceptual ability, an important aspect of "street 
fitness," is impaired for at least 3 hours after admin- 
istration of the drug combinations used in this study. 
The Perceptual Speed test was the only test that 
identified significant differences ( p « 0.05) between 
combinations F-D-M and D-M. In addition to its 
sensitivity, the test was easily administered and scored 
and was free of practice effects. 

Our retrospective analysis of rate of recovery as a 
function of patient's weight uncovered two facts con- 
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cerning the ad libitum use of methohexital (Fig 5). 
First, as the patients’ weights increased higher doses 
of methohexital were required to achieve the desired 
level of sedation. Presumably, this was due to the 
decrease in diazepam dose per kilogram caused by 
the fixed dose mandated by the protocol. 

Second, when the narcotic fentanyl was used in the 
drug combination, less methohexital was required to 
reach the desired level of sedation, yet recovery speed 
was the same or faster. Thus, recovery speed is asso- 
ciated with the addition of fentanyl in the combination 
and with decreases in the dosage (mg/kg) of diazepam 
or methohexital. Because it is unlikely that fentanyl 
speeds recovery, the rapid recovery may result from 
the decreased dosage in milligrams per kilogram of 
body weight of either methohexital or diazepam. 
Analysis of recovery times by weight suggests that 
the decrease in the diazepam dosage, and not the 
decrease in methohexital, hastened recovery. Heavier 
patients recovered faster, but these groups received: 
(1) the same or more methohexital per kilogram of 
body weight, and (2) less diazepam per kilogram of 
body weight. Thus, recovery time is affected by the 
diazepam dose per kilogram of body weight, and not 
by the dose of methohexital. 

Since recovery time is a function of diazepam dos- 
age, a combination of sedative drugs designed to 
provide rapid recovery to “street fitness” may require 
reduction in the dose of diazepam by use of agents 
that do not prolong recovery. We replaced a fraction 
of the diazepam dose with the short-acting narcotic 
fentanyl. Enright and Pace-Floridia?" have shown that 
narcotic sedatives can prolong recovery. However, 
they compared narcotic-only sedation to inhalation 
techniques and used meperidine, a longer acting nar- 
cotic, in addition to fentanyl. Our results suggest that 
the use of a short-acting narcotic and subsequent 
reversal of its effects by a narcotic antagonist may 
speed, rather than prolong, recovery. 

In addition to rapid recovery, the diazepam-narcotic 
combination may produce superior sedation. Al- 
though the surgeons did not know which combination 
was used for each extraction in the experimental 
group, they preferred the surgical conditions when 
the fentanyl combination was administered in more 
than 75% of the cases. The subjects sedated with 
fentanyl were judged more relaxed, cooperative, and 
less reactive to surgical stimuli. 

Although both the rapid recovery and superior 
sedation associated with the narcotic combination are 
important advantages, the use of narcotic antagonists 
raises questions about reversal of postoperative anal- 
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gesia associated with either intra- or postoperative 
narcotic administration. The short duration of action 
of 0.4 mg of naloxone and the successful use of 
postoperative analgesics including oral narcotics sug- 
gest that naloxone administration did not compromise 
postoperative analgesia following termination of oral 
anesthesia. 

The respiratory depression associated with narcotic 
sedatives is another important clinical factor to be 
considered in the overall evaluation of fentanyl as an 
effective adjuvant. Several recent reports"? have 
shown that fentanyl produces significant and pro- 
longed respiratory depression. Although respiratory 
depression is not a contraindication to the use of 
fentanyl in intravenous sedation techniques, the risk 
of respiratory depression should be weighed in the 
final evaluation of the use of fentanyl as an adjuvant 
to the management of outpatients. 
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Delayed Clearance of Diazepam Due to Cimetidine 


Cimetidine inhibits microsomal metabolism and hence impairs elimination of oral anticoagulants 
and the model drug antipyrine from the bloodstream. The effect of cimetidine on diazepam 
pharmacokinetics was studied in a crossover study in six healthy volunteers. Pretreatment with 
cimetidine (five 200-mg oral doses at 6-hour intervals) had important effects on the disposition and 
effects of diazepam, 0.1 ml/kg IV. Plasma levels following injection were higher and elimination was 
slower. The half-life of elimination of diazepam was 33.5 + 10.2 hours (mean + SD) before cimetidine 
and 51.3 + 13.3 hours (p = 0.012) after cimetidine pretreatment. The sedative effect of diazepam was 
also increased following cimetidine. Diazepam must be added to the growing list of drugs whose 
metabolism is influenced by concomitant cimetidine therapy. (Klotz U, Reimann I: Delayed clearance 
of diazepam due to cimetidine. N Engl J Med 302:1012-1014, 1980) 
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CLINICAL 
reports 


Sudden Death following 
Naloxone Administration 


Ronald A. Andree, MD* 


Ventricular fibrillation has been reported following 
naloxone administration in patients with ventricular 
irritability following cardiotomy,' in patients with 
hypertension with” and without? multiple atrial pre- 
mature contractions, and in patients with acute pul- 
monary edema.’ | report here two deaths in which 
sudden unexplained cardiac arrests in healthy young 
women followed, within minutes, the intravenous 
administration of naloxone. 


Case Reports 


Case 1 


The patient was a 23-year-old female hospital clerk 
admitted in 1976 for minor surgery on both feet. Physical 
examination on admission revealed normal blood pressure 
120/70 torr, pulse rate 80 beats/min, and no physical 
abnormalities other than those in her feet. Past history 
included a previous hospitalization for the vaginal delivery 
of a normal child. She reported that she irregularly used 
birth control pills and was taking no other medication. 
Laboratory data included hematocrit of 42%, white blood 
count of 6,100/cu mm with normal differential, normal 
urinalysis, normal ECG, and chest x-ray and fasting blood 
sugar of 52 mg/dl. Serum levels of all electrolytes were 
within the normal range. 

She was brought to the operating room the next day, a 
few minutes after having received intramuscular injection 
of 25 mg of meperidine, 50 mg of hydroxyzine, and 0.4 mg 
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of atropine. About 20 minutes after these were given the 
anesthesiologist started an intravenous infusion of 5% dex- 
trose in lactated Ringer’s solution and gave Innovar, 2 ml, 
through it. Simultaneously oxygen, 6L/min, was given by 
facemask and an intravenous drip of 0.4% thiopental. After 
100 mg of thiopental the patient became unconscious and, 
in anticipation of endotracheal intubation, the anesthesiol- 
ogist added an intravenous drip of 0.1% succinylcholine. 
Succinylcholine, 40 mg, was administered when the anes- 
thesiologist decided to proceed with mask rather than with 
an endotracheal tube. Spontaneous respirations soon re- 
turned at a rate of 10 to 12/ min and blood pressure 
stabilized at 110/80 to 120/80 torr with a pulse rate of 90. 
The gas mixture was adjusted to nitrous oxide, 4L/min, and 
oxygen, 2 L/min. The anesthesiologist then inserted an 
oropharyngeal airway and assisted spontaneous respirations 
throughout the remainder of the operative procedure. Ad- 
ditional 0.5 ml doses of Innovar were given 25, 45, 70, and 
75 minutes after induction for a total of 4 ml. Six minutes 
after induction of anesthesia, a tourniquet applied to the 
left leg was inflated and surgery began. That tourniquet was 
deflated 26 minutes later. Thirteen minutes thereafter a 
tourniquet on the right leg was inflated and surgery on that 
foot proceeded uneventfully, too. Throughout the surgery 
blood pressure remained around 130/80 torr and the pulse 
85. Surgery ended 80 minutes after induction of anesthesia. 
The nitrous oxide was discontinued and the gas flow 
changed to oxygen, 6 L/min. The tourniquet was deflated 
on the right leg. Pulse and blood pressure were 80 and 110/ 
80 torr, respectively. At this point, 85 minutes after the 
anesthetic induction and just after surgery ended, the pa- 
tient’s respiration became more shallow and the respiratory 
rate decreased from 16 to about 12/min. The anesthesiolo- 
gist decided to give naloxone, 0.4 mg IV. Within 4 minutes 
thereafter, the pulse and blood pressure were unobtainable. 
The trachea was immediately intubated and ventilation with 
100% oxygen continued while the operating room nurse 
initiated closed chest cardiac massage. Others nearby were 
summoned. Intravenous epinephrine, sodium bicarbonate, 
and two attempts at defibrillation were not successful in 
restoring either mechanical cardiac function or electrical 
activity to the ECG, which showed a straight line during 
these efforts. Finally, after 66 minutes of unsuccessful re- 
suscitation measures, the patient was pronounced dead in 
the operating room. 
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Postmortem examination disclosed no anatomical cause 
for the patient’s sudden cardiac arrest. There were minimal 
changes due to anoxia in the brain and moderate congestion 
of the lungs and the spleen. Toxicologic examination re- 
vealed no unexpected drug residue. 


Case 2 


The patient was a 25-year-old female medical secretary 
admitted to the hospital in early 1979 with a 2-day history 
of vomiting and flank and back pain associated with leu- 
kocytosis treated for 1 day at another hospital. There had 
been a episode of similar pain 1 month prior to admission. 
Medical history included asthma dating back to childhood 
for which she had infrequently used aerosolized isoproter- 
enol in the past, but she had been asymptomatic for several 
years. There had been a 6-day hospitalization for pneumo- 
nia in 1974 during which year a hemoglobin electrophoresis 
study indicated the patient to have 19.3% hemoglobin D. 
She had also been hospitalized for the vaginal delivery of 
a normal female infant in 1976. In addition to the isopro- 
terenol noted above, birth control pills were the only med- 
ication she used. She was allergic to penicillin. 

On admission the patient was afebrile and neither acutely 
nor chronically ill. Blood pressure was 140/85 torr, pulse 
rate 108 beats/min, respiratory rate 16/min. She weighed 
72 kg. There was a suggestion of thyroid enlargement as 
well as diffuse inspiratory wheezes, which cleared shortly 
after admission, and mild right upper quadrant abdominal 
tenderness. 

Laboratory findings on admission included hematocrit of 
38%, hemoglobin 13.3 gm/dl, a white blood count of 
15,000/cu mm with shift to the left, and a serum bilirubin 
level of 1.1 mg/dl. Serum amylase and serum electrolyte 
levels were normal. Chest x-ray was unremarkable. The 
ECG showed sinus tachycardia. The abdominal x-ray 
showed a normal gas pattern and organ shadows. 

The patient was treated with a bland diet while radiologic 
workup was pursued. This and sonography disclosed mul- 
tiple calculi in the gallbladder and a normal upper gastroin- 
testinal tract. Repeated blood chemistries revealed no ab- 
normalities in serum levels of electrolytes, urea nitrogen, 
glucose, or serum enzymes. The patient improved sympto- 
matically over the first 3 days of her hospitalization and was 
scheduled for a cholecystectomy. At the preoperative visit 
just prior to surgery the anesthesiologist observed her to be 
very anxious; she was crying and had scattered bilateral 
pulmonary rhonchi. After reassurance plus 5 mg of diaze- 
pam and 25 mg of meperidine given intravenously the 
patient became more comfortable and the rhonchi cleared. 
Anesthesia was induced several minutes later. Thiopental, 
500 mg, in divided doses was given at 8:50 a.m. An 8-mm 
tracheal tube was inserted easily and without difficulty after 
preoxygenation, succinylcholine and topical lidocaine to the 
trachea. There was a brief period of bronchospasm for 
which halothane was administered for 2 to 3 minutes with 
rapid improvement. Anesthesia was thereafter maintained 
with enflurance, nitrous oxide, and oxygen supplemented 


by 21 mg of d-tubocurarine. No further bronchospasm 
occurred. At 9:30 a.m. 50 mg of meperidine was adminis- 
tered and at 10:00 a.m. another 25 mg of meperidine was 
injected. By 10:30 a.m., the surgery over, the patient started 
to breath spontaneously and atropine and neostigmine were 
given to antagonize the effects of the curare. 

Following reversal of the relaxant 80 mg of lidocaine was 
given intravenously and about 3 minutes later the endotra- 
cheal tube was removed with the patient drowsy but breath- 
ing well and responding to verbal commands. Careful ex- 
amination showed no signs of bronchospasm and no res- 
piratory distress. The patient breathed oxygen spontane- 
ously from the mask for several minutes after which she 
was transported to the recovery room with an oropharyn- 
geal airway in place, a trip of about 4 minutes' duration. 
There she responded slowly to spoken commands while 
her vital signs were recorded: blood pressure 110/72 torr, 
pulse rate 72, respiration rate 16/min. An oxygen mask was 
affixed to her face but the anesthetist regarded her ventila- 
tion as not satisfactory so at 10:50 a.m. an injection of 0.2 
mg of naloxone was given intravenously and this was 
repeated 2 minutes later. The second injection was followed 
by immediate onset of respiratory arrest. Manually assisted 
ventilation with a resuscitator bag was immediately started. 
Within moments, an anesthesiologist inserted an endotra- 
cheal tube and at that same time the patient was observed 
to have no palpable peripheral pulse. Closed chest cardiac 
massage was started and the cardiac arrest team summoned. 
An electrocardiograph monitor was quickly attached and 
showed sinus bradycardia. Atropine, 1.5 mg, in divided 
doses was given intravenously which resulted in a pulse 
rate of about 150. Blood pressure remained unobtainable 
after a short trial of isoproterenol, but responded to dopa- 
mine, rising to a level of 120/80 torr. Two additional 0.2- 
mg doses of naloxone were given at 11:13 a.m. following 
which copious quantities of frothy pink fluid began pouring 
from the endotracheal tube. This was treated with suction, 
furosemide, rotating tourniquets, and morphine; there was 
improvement over the next 20 minutes. Over the ensuing 
hours and days cardiovascular stability returned without 
any enzyme or electrocardiographic evidence of acute my- 
ocardial damage. Neurologically, however, the patient did 
not improve. She developed seizures, never regained con- 
sciousness and died on the 8th postoperative morning. 

A postmortem examination was not done. 


Discussion 


Naloxone is generally considered to be a safe drug 
with minimal side effects. Its use is time-honored and 
most anesthesiologists have probably long since 
stopped thinking about the possibility of serious ad- 
verse reaction to it. I report these two patients to 
encourage those who use it on a regular basis to 
rethink the possibility that adverse events that may 
have occurred in their experience might have been 
related to naloxone. 
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It is clear in reviewing these two cases that there 
are explanations other than idiosyncratic reactions to 
naloxone to,account for the sudden cessation of car- 
diac and respiratory activity. Certainly, marginal ox- 
ygenation due to respiratory depression may have 
been present in each patient, and in the second patient 
quiet bronchospasm may have also played a role. | 
have discounted these as primary causes, however, on 
the basis of evidence obtained by very careful ques- 
tioning of the anesthesiologist in attendance to the 
first patient, and of the anesthetists, anesthesiologists, 
and several other experienced clinical observers who 
participated in the care of the second. Having dis- 
counted these, then, as primary cause for the events 
leading to these patients’ deaths there are other pos- 
sibilities that ought to be considered. 

The effectiveness and limitations of naloxone in 
antagonizing narcotic-induced respiratory depression 
are well documented in the literature.” ê The potential 
for a significant adverse cardiovascular response in 
healthy surgical patients is also known. Desmonts et 
al‘ showed significant and prompt increases in pulse 
rate, cardiac index, and cardiac work index in re- 
sponse to naloxone. Tigerstedt and Tannisto," too, 
observed an increased cardiac index and reasoned it 
was related to the increased work engendered by the 
improved ventilation that followed naloxone reversal 
of fentanyl. Huse et al? reported on naloxone reversal 
of neuroleptanesthesia and observed increases in 
pulse rate and left ventricular work after 0.1 mg of 
naloxone with further increase following 0.4 mg of 
naloxone. They concluded that naloxone should be 
used in small incremental doses. 

Tanaka,’ reporting a hypertensive reaction follow- 
ing naloxone, emphasized the possibility that cate- 
cholamine release produced this change. Azar and 
Turndorf/ citing the observations of Patschke et al,” 
stressed the view that simple reversal of analgesia 
may not be the cause for pressor responses that have 
been observed. They noted the suggestion of Freye!! 
that naloxone, by competing for opiate receptor sites 
in the central nervous system, may lead to a sympa- 
thetic response comparable to that observed after 
small doses of narcotic drugs are given. 

The reported instances of naloxone-related ventric- 
ular fibrillation and pulmonary edema in postopera- 
tive patients with compromised cardiac function in- 
dicate that a sympathetic effect after the administra- 
tion of this drug to such patients may have grave 
results. 

In the two patients reported here there was no 
preexisting heart disease. Because they were not car- 
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diac risks there was no special monitoring that per- 
mitted on-line observations of blood pressure or ECG 
changes at the moment of naloxone administration. 
There was only the abrupt arrest of cardiac activity 
and function under conditions where it was totally 
unexpected by the immediately preceding clinical 
situation as perceived by experienced practitioners. 

It is possible that an abrupt increase in blood levels 
of catecholamines, precipitated by naloxone, led to 
clinical cardiac arrest possibly due to ventricular fi- 
brillation. If hypoxemia was present in these pa- 
tients—note that both were ventilating with high con- 
centrations of oxygen at the time of cardiopulmonary 
arrest—this could have been a contributing factor. 
The possibility of an idiosyncratic reaction cannot, 
however, be eliminated. 

In summary, two cases are presented in which 
sudden death was closely associated in time with the 
administration of naloxone given to antagonize the 
effects of narcotic drugs used during anesthesia. The 
mechanism and possible role of massive adrenergic 
stimulation in these events are discussed. Readers are 
urged to survey their own clinical experiences for 
other possible examples of this phenomenon. 
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Volitional Sympathetic 
Control 


H. Martin Blacker, MD* 


Many painful conditions are associated with dis- 
turbance of autonomic function. This autonomic dys- 
function appears to be distributed along a spectrum. 
At one end of the spectrum is causalgia, the term 
given the extreme overactivity of the sympathetic 
nervous system occurring after a partial or complete 
injury of a mixed nerve innervating an extremity.’ 
Accompanying this sympathetic hyperactivity is se- 
vere pain and dysesthesia of the involved extremity. 

At the other end of the spectrum are pain syn- 
dromes in which the sympathetic involvement is quite 
subtle. Such a case is that cited by Riley and Richter” 
who described a patient confined to a psychiatric unit 
because of a conversion hysteria. Her back pain was 
thought by physicians to be functional. Measurement 
of the electrical resistance of the skin, however, re- 
vealed a sharply circumscribed area of decreased skin 
resistance (sympathetic overactivity) corresponding to 
the area of her pain. Pancreatitis was diagnosed and 
appropriate treatment resulted in complete recovery, 
with the disappearance of her pain as well as her 
psychiatric symptoms. Concomitantly, the area of 
abnormal skin resistance returned to normal. 

The present report describes a patient with a neck 
and shoulder injury that was associated with left 
upper extremity pain and sympathetic hyperactivity 
both of which were sucessfully treated with autogenic 
training and biofeedback. 


Case Report 


A 34-year-old beautician was well until about 1 year 
prior to her admission at which time she was involved in a 
motor vehicle accident which resulted in a hyperextension 
injury of the cervical spine as well as a contusion of the left 
shoulder and left side of her neck. Following the accident 
she experienced pain in the left shoulder region and discom- 
fort in the left upper extremity with increased sweating, 
moderate edema, and cyanosis of the left hand. The changes 
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in her extremity were worsened by cold, by use of the arm, 
and especially by elevation of the arm as she performed her 
work as a beautician. The pain decreased when she rested 
the arm but did not completely disappear. Associated with 
the left arm pain, which she could not localize to a single 
dermatome, was a slight tendency to protect it and cradle 
it to keep it from weight bearing. 

On neurologic examination, the positive findings in- 
cluded slight anisocoria with the right pupil 4.5 mm in 
diameter and the left 5 mm. Both pupils were briskly 
reactive to light. The remainder of the cranial nerves were 
intact. There was no motor weakness. Sensory examination 
revealed mild blunting of light touch and pin prick in 
virtually the entire left upper extremity. In addition, her left 
hand was moist with sweat, slightly cyanotic, and edema- 
tous distally. 

Hospital Course. The patient was admitted to the hospital 
for a left stellate ganglion block. This procedure was carried 
out with complete relief of pain. The temperature changes 
produced in the left arm and the decrease in skin conduc- 
tivity following this block are shown in Fig 1. Note that the 
baseline temperature of both hands was about 23.5 C. 

Sweat gland activity is measured in our clinic by applying 
a small constant voltage between surface electrodes on skin. 
The conductivity is measured in units which are called 
"mhos"—the reciprocal of ohms. Because the conduction 
of such currents along the skin surface is so minute, the 
preferred unit of measurement is the "^micromho." 

The sweat gland activity of the affected (left) hand, as 
measured by skin conductance, was comparatively high in 
our patient (Fig 1). 

Following the stellate block, sweat gland activity de- 
creased as reflected by the drop in skin conductivity from 
18 to about 5 micromhos. The patient obtained relief of 
pain for about 12 hours following the block after which the 
pain returned to its previous level. The stellate block was 
repeated 2 days later with similar results. While the first 
block was still in effect, autogenic phrases (see "Discussion" 
below) were suggested to the patient and a thermistor used 
to record the skin temperature of her right hand (solid 
triangles, Fig 1). Within 5 minutes after listening to the 
autogenic phrases, the skin temperature of the right hand 
increased from about 23.6 to 33.2 C. 

Because the patient was regarded as a suitable candidate 
for biofeedback training, this form of treatment was selected 
instead of opting immediately for a surgical sympathec- 
tomy. Accordingly, the patient was discharged from the 
hospital and was admitted to the Pain Control and Biofeed- 
back Clinic. In the clinic she received more than 40 hours 
of thermal biofeedback training to produce cutaneous vas- 
odilation. The training was administered over a period of 
12 days. Her performance was assessed with a thermograph 
connected to both hands. Sweat gland activity in both hands 
was measured by recordings of skin conductance. 

Initially, she was able to increase the temperature of her 
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FiG 1. Stellate block. Temperature (open triangles) and skin 
conductance level (SCL; circles) curves following stellate block 
of the left side. Note that about 8 minutes after the stellate block, 
autogenic phrases were given to the patient and the temperature 
changes in the right hand (solid triangles) were recorded. 


right hand from a baseline of 29.5 to 33.2 C and of her left 
(painful) hand from a baseline of 32.2 to 34.4 C. Interest- 
ingly, after about 7 minutes, her concentration lapsed and 
skin temperature tended to drift back towards its initial 
baseline (Fig 2). 

When she was first admitted to the clinic, the skin 
conductance of the left hand (measured with a constant 
voltage dermograph) was 16 micromho, but within 5 min- 
utes of autogenic relaxation a moderate reduction in sweat 
gland activity occurred to a level of 12 micromhos. Simul- 
taneously there was a drop in sweat gland activity of the 
right (nonpainful) hand from 8 to 6 micromhos. 

After 40 hours of thermal biofeedback training using 
autogenic phrases she was virtually duplicating her stellate 
ganglion block curves (Fig 3). She was regularly able to 
increase her hand temperature to 35.8 C, while decreasing 
the skin conductance in the affected (left) hand from 9 to 4 
micromhos, and from 5 to 3 micromhos in the right hand. 

Concomitant with these changes in skin temperature and 
conductance, her pain ceased. 

The ability of this patient to increase her skin tempera- 
ture and lower her sweat gland activity was sustained. At 
the time of her 1-year follow-up, she was virtually able to 
duplicate values measured 12 months previously. At the 
present time, the patient has been followed for 3 years and 
remains free of pain. 


Autogenic Training 


Autogenic training was first introduced by two 
neuropsychiatrists, Brodmann and Vogt in the course 
of research on sleep.? They noted that relief of anxiety 
in patients was often associated with the onset of 
warmth and a feeling of heaviness in the extremities. 
Brodmann and Vogt then concentrated on inducing a 
state of tranquillity in the patients by suggesting 
imagery of heaviness and warmth of the limbs. With 
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the work of Schultz and Luthe,” six “Standard Exer- 
cises" were evolved to induce what they termed the 
‘‘autogenic state". The exercises included six phrases: 
(1) "My arms and legs are heavy.” (2) "My arms and 
legs are warm.” (3) My heartbeat is calm and regular.” 
(4) "My body breathes itself—it breathes me." (5) 
“My abdomen is warm." (6) "My forehead is cool.” 
When the patient is able to concentrate in a relaxed 
and passive manner, these phrases are associated with 
a host of reproducible physiologic changes. The most 
prominent physiologic effect is reduction of sympa- 
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Fic 2. Temperature and skin conductance levels (SCL) during 
early autogenic training and biofeedback session. Note that 
patient was able to sustain temperature increase for about 7 
minutes of the 15-minute training session. 
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Fic 3. Patient demonstrates a baseline temperature of nearly 
30 C. and the ability to elevate the temperature of both hands to 
about 35 C. and sustain the elevation for the duration of the 
training session. The skin conductance level (SCL) of the af- 
fected (left) hand is decreased to low levels although not as low 
as the unaffected (right) side. 
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thetic outflow so that there is peripheral vasodilation 
resulting in an increase in skin temperature, a de- 
crease in sweat gland activity, a lowering of blood 
pressure, a decrease in pulse rate, and a lowering of 
the general metabolic rate.? Collectively, this state of 
relaxation—the “autogenic state"— is the opposite of 
the stress response. 

The confirmation that the desired changes are being 
brought about can be “fed” back to the patient by 
monitoring the changes in skin temperature and sweat 
gland activity and permitting him to see the results. 
Changes in the upper extremity accompanying the 
autogenic state mimic those observed following phar- 
macologic block of the stellate ganglion. 


Discussion 


Pain accompanied by sympathetic overactivity in 
an extremity is occasionally relieved by block of the 
regional sympathetic innervation. Sympathetic block 
resulting in pain relief is most consistently seen in 
causalgia. Causalgia is thought to be caused by a 
mixed peripheral nerve injury in which axonal trauma 
results in a short circuiting of nerve impulses—the 
“ephapse” (or false synapse) in which efferent sym- 
pathetic impulses are shunted to afferent somatic pain 
pathways.’ The greater the sympathetic outflow, the 
greater the short-circuiting and resulting afferent pain 
transmission. Chemical or surgical sympathectomy 
interrupts the efferent limb of the pain circuit and 
provides pain relief. 

Other painful conditions presenting a clinical pic- 
ture not as sharply etched as causalgia may also be 
associated with sympathetic hyperactivity. These have 
been documented wth instrumentation designed to 
detect the effects of sympathetic hypo- or hyperactiv- 
ity as reflected by changes in the skin. Thermography 
is one such technique.” It records minor variations in 
skin temperature which are a function of arteriolar 
constriction under sympathetic control. Characteristic 
changes in skin blood flow detected by thermography 
have been shown to accompany migraine headaches” 
as well as many syndromes of chronic pain. 

The mechanism of pain relief with sympathetic 
block in cases such as ours in which the neural 
damage of causalgia is lacking, can only be speculated 
upon. 

Two possibilities have been suggested by the liter- 
ature. One is the mechanism alluded to by Mayer and 
Price’; they indicate that central circuits for analgesia 
in the mesencephalon and medulla which travel down 
the dorsolateral funiculus of the cord are suppressed 
by norepinephrine. Perhaps the overproduction of 


norepinephrine as a result of sympathetic hyperactiv- 
ity suppresses whatever inherent analgesic mecha- 
nisms may be operative. “Shutting off” the autonomic 
nervous system, on the other hand, may release the 
intrinsic circuits and allow them to operate at an 
effective level. 

A second possibility relates to the observation that 
sensory nerve endings are invested with sympathetic 
nerves that are capable of influencing transmission of 
sensory information.” It is reasonable to suppose that 
with altered sympathetic tone sensory transmission 
may be facilitated or inhibited. 

There are, however, painful conditions that are 
accompanied by sympathetic overactivity and are not 
relieved by sympathetic block. In these instances the 
sympathetic overactivity, despite being confined to 
the area of pain, may not be a significant contributing 
factor in the production of pain. 

Nevertheless, painful conditions other than true 
causalgia accompanied by sympathetic overactivity 
may be relieved by a series of pharmacologic sym- 
pathetic blocks or by surgical sympathectomy.” These 
conditions have been termed sympathetic dystrophy 
by Holden" and post-traumatic vasomotor disorders 
by Schumacher and Abramson."' The localization of 
pain in these conditions is almost always in an ex- 
tremity, usually the upper extremity, as in the present 
report. 

Several points in the case herein presented deserve 
emphasis. 

1. The pain followed an auto accident in which the 
compartment of the neck transmitting the brachial 
plexus was contused. 

2. The pain persisted for at least 1 year despite 
appropriate conservative measures and was accom- 
panied by two signs of sympathetic overactivity: (a) 
cutaneous vasoconstriction producing low skin tem- 
perature as measured by a sensitive recording ther- 
mocouple, and (b) overactivity of the sweat glands 
producing visible wetness of the affected hand as 
measured by an increase in skin conductivity. 

3. One part of the sympathetic hyperactivity (i.e., 
cutaneous vasoconstriction) was generalized to the 
extent that it involved both upper limbs, while the 
other aspect of sympathetic hyperactivity-(hyperhi- 
drosis) was confined to the affected limb. 

4. Stellate ganglion blocks produced complete re- 
versal of the sympathetic hypertonia on two occa- 
sions. Pain was completely relieved by the blocks but 
reappeared as the blocks wore off. 

5. The patient showed excellent voluntary control 
over her sympathetic nervous system through the use 
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of autogenic exercises and biofeedback. With prac- 
tice, she was able to bring about the autogenic state 
with its associated increased peripheral blood flow 
and lowered sweat gland activity to the extent that 
she was virtually able to duplicate the response pro- 
duced by sympathetic block. She was more successful 
in increasing her skin temperature than she was in 
lowering her sweat gland activity, but the differences 
from the normal side with respect to the latter mea- 
sures were negligible. 

6. With daily practice the baseline of skin temper- 
ature and sweat gland activity recorded shifted in the 
direction of less sympathetic response, i.e., her base- 
line skin temperature was in the range of 32 C after 
she had practiced for several days, whereas before 
she had learned the autogenic response cutaneous 
temperatures were in the low 20s C. 

7. Finally, the pattern of sympathetic control that 
she achieved persisted with repeated practice (she 
listened to three or four 15-minute autogenic tapes 
per day) over 3 years of observation, and she has 
remained free of pain. During the last year of obser- 
vation she practiced her autogenic exercises only a 
few times per week. 

Recent success in training patients to achieve vol- 
untary control over what have been traditionally re- 
garded as relatively involuntary physiologic mecha- 
nisms” '* suggests that more efforts along these lines 
be undertaken. In our case, the patient was able to 
avoid a surgical sympathectomy by training which 
resulted in a useful degree of volitional sympathetic 
control. 
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Improved Metal 
Endotracheal Tube for 
Laser Surgery of the 
Airway 


Carol A. Hirshman, MD,* Dolores Leon, 
MD,* Dennis Porch, MD,T Edwin Everts, 
MD, and James D. Smith, MDt 


The hazard of fire and tracheal burns during laser 
microsurgery is well recognized." While plastic or 
red rubber endotracheal tubes wrapped with alumi- 
num foil are generally adequate, improvements are 
needed for three reasons. First, the aluminum foil 
does not always adequately adhere to the tube and 
may loosen and separate, obstructing the airway.’ 
Second, the unwrapped cuff on the foil-wrapped en- 
dotracheal tube is easily ignited when directly hit with 
the laser beam.^? Third, foil-wrapped endotracheal 
tubes are readily ignited by sparks in close proximity 
to the tip of the endotracheal tube.* Therefore, we 
have devised a metal endotracheal tube that is easily 
constructed from readily available materials to obviate 
these risks. 


Methods 


The tube consists of a 30-cm length of 4.5-mm, 
7 4005003 stainless steel tubing (Fig 1), rendered flex- 
ible by a continuous welding technique (Metal Bellow 
Co, Chatsworth, CA, tubing no. 321), (Fig 2). A stain- 
less steel tip (Fig 3) with one central hole and two side 
holes, and a chrome, #9067 BD male Luer-Lok con- 
nector (Becton Dickenson, Rutherford, NJ) (Fig 4) 
were silver soldered to opposite ends of the metal 
tubing. The chrome connector was attached to a 
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Sander’s injector and nitrous oxide oxygen blender 
(Bird medel 999.2902, Palm Springs, CA).' 

Laser surgery was performed on lesions of the oral 
cavity (rine patients), the larynx (nine patients), and 
the trachea (four patients). The 22 patients ranged in 
age from 13 to 85 years. The metal tube was used 
during ritrous-oxide-oxygen-narcotic-relaxant anes- 
thesia. “his technique provided optimal operating 
conditions for surgery and was well tolerated by all 
patients. One complication, unrelated to the metal 
tube but perhaps related to the injector, was encoun- 
tered. A 1096 pneumothorax, which resolved sponta- 
neously, appeared as an incidental finding on a post- 
operative x-ray in a 67-year-old woman with chronic 
obstruct've pulmonary disease. 

Arterial blood gases obtained during ventilation 
with inspired oxygen concentrations of 30% to 40% 
were within physiologic range in every case. 


Discussion 


Our metal endotracheal tube (the Porch tube) meets 
the following characteristics required for use in laser 
surgery. It is: (1) absolutely noncombustible with 
flows of 100% oxygen, (2) airtight, (3) easily steriliz- 
able by routine operating room procedures, (4) atrau- 
matic to tissues, (5) easily constructed from readily 
available materials, and (6) indestructible. 

A laser is a device producing a collimated mono- 
chromatx beam of light which, when aimed at a 
minute area, elevates the temperature, evaporates 
fluids, Genatures proteins, and causes necrosis of 
tissue. The laser utilizes photon energy derived from 
high voltage excitation of compounds such as carbon 
dioxide, argon, ruby, neodymium-yttrium or helium- 
neon. Siace the wavelength of the emitted light de- 
pends upon the laser source, the energy is most 
absorbec by materials with corresponding absorption 
spectra. The CO; laser is used in the removal of 
tumors ef the airway. Unfortunately latex, rubber, 
silicone, and plastic endotracheal tubes, which are 
usually in the surgical field, can absorb the CO; laser 
beam and ignite. Metal reflects the beam, therefore 
eliminating the hazard of tube ignition. 

Although metal endotracheal tubes have had a long 
history in anesthesia,? the tubes available until now 
were unsuitable” or not totally suitable”? for use with 
the CO; laser. The major problem with these tubes 
was that they were not airtight along the length of the 
tube.” ° The Porch tube is airtight along its entire 
length because it consists of a single length of stainless 
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Fic 2. Illustration of tube flexibility. 





Fic 3. Stainless steel tip with one central hole and two side 
holes. 


steel tubing rendered flexible by a process of stretch- 
ing and crimping. The Woodbridge tube,” on the 
other hand, consists of coils of metal and must be 
wrapped with a Penrose drain in order to “make the 
tube gastight." The latex drain would readily ignite if 
hit by the laser beam. 
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It is desirable that the metal tube produce no direct 
tissue trauma. The smooth rounded tip (Fig 3) and 
extreme flexibility of the Porch tube (Fig 2) have 
resulted in no evidence of tissue trauma due to either 
insertion of the tube or to the presence of the tube 
itself in the airway. Although the tube is extremely 
flexible, intubation was usually accomplished without 
the need for a stylet. 

Tissue reactivity to metal endotracheal tubes must 
also be considered, although the duration of time that 
the tube is in the airway is brief. Stainless steel is 
known to be almost totally nonreactive when im- 
planted in the body, and, thus far, there has been no 
evidence of adverse tissue response secondary to the 
metal tube. 

This tube and the injector have proven particularly 
helpful in laser resection of tracheal papillomata 
through a tracheal stoma (four cases). Laser resection 
in the path of combustible gases (oxygen and nitrous 
oxide) in the presence of flammable objects (cuffed 





Fic 4. Porch tube with chrome male Luer-Lok connector, plas- 
tic tubing pressure reducing valve, jet injector, and nitrous oxide 
blender. 
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or uncuffed foil-wrapped endotracheal tubes) is dan- 
gerous.* The use of the metal tube inserted orally and 
positioned just below the larynx along with the injec- 
tor allows adequate ventilation as well as uninter- 
rupted surgical access to the tracheal papillomata 
through the tracheal stoma. The use of a muscle 
relaxant ensures immobile vocal cords and better 
surgical conditions for laryngeal surgery. 

The metal tube is uncuffed. This has not proved to 
be a problem. When used with the injector, adequate 
ventilation is assured; and because laser resection is 
itself hemostatic,'’ aspiration of blood into the tra- 
cheobronchial tree rarely occurs. 

This tubing comes only in the one size stated in 
"Methods." It has a relatively large external diameter 
(7 mm) compared to the internal diameter (3 mm). 
This drawback has been overcome with the use of the 
injector technique; however, the large external diam- 
eter of the tube precludes its use in most children 
younger than 13 years old. 

In summary, a flexible stainless steel endotracheal 
tube, which is easily constructed from readily availa- 
ble materials, will greatly improve the safety of laser 
surgery in adults and older children. 
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Comparison of Postoperative Deep Breathing Devices 


Three types of deep breathing devices were compared in patients undergoing upper abdominal 
operations. Seventy-nine patients were divided into three groups, each receiving preoperative bedside 
testing of pulmonary function and instruction in the use of one of three randomly assigned deep 
breathing devices thought to be representative of those currently available (Triflo II, Bartlett-Edwards 
Incentive Spirometer, or Spirocare). Repeat testing and instruction were provided daily during each 
of the first five postoperative days. There were few statistically significant differences in pulmonary 
function, vital signs, and white blood cell count, and no difference in length of postoperative stay. No 
device was uniformly acceptable to patients, and none was used as frequently as recommended. 
When left at the bedside with only one daily reinforcement of instructions, the three devices showed 
no clinically important differences. (Lederer DH, Van de Water JM, Indech RB: Which deep breathing 
device should the postoperative patient use? Chest 77:610 -613, 1980) 
5ee also: Hughes RL: Editorial: Do no harm —cheaply. Chest 77:582 -583,1980. 
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Profound Atelectasis 
during Anesthesia 


Stanley I. Samuels, MB, MA,* and 
Richard W. Clark, MDT 


Atelectasis or collapse of lung tissue is a common 
complication following surgery. Atelectasis also oc- 
curs during anesthesia but major pulmonary collapse 
is uncommon. Four episodes of intraoperative pul- 
monary collapse in three patients are described. In all 
four episodes serial arterial blood gas values alerted 
the anesthesiologist that an untoward event was oc- 
curring. In one episode the patient developed hypox- 
emic ventricular tachycardia. The connecting link in 
all four cases was the presence of mucous plugs in 
the bronchi leading to acute intraoperative pulmonary 
collapse. 


Case Reports 


Case 1 


A 35-year-old, 80-kg man was scheduled for a right total 
hip replacement. Twenty years ago he had been involved in 
an automobile accident which resulted in a left hip fusion 
and a left above-the-knee amputation. Because of severe 
hip pain he was admitted to our hospital for a right total 
hip replacement. Clinical examination was negative except 
for a history of cigarette smoking (one pack/day for 20 
years). A preoperative chest roentgenogram was normal (Fig 
1A). 

Premedication consisted of diazepam, 20 mg orally. On 
arrival in the operating room an intravenous infusion was 
started. Monitoring included an electrocardiogram, blood 
pressure cuff, inspired oxygen analyzer, esophageal steth- 
oscope and temperature probe, and a peripheral nerve 
stimulator. Anesthesia was induced with intravenous thio- 
pental, 500 mg in divided doses, and intubation of the 
trachea was facilitated by the use of intravenous pancuron- 
ium bromide, 8 mg. Following a smooth intubation, breath 
sounds were equal over both lung fields. The patient was 
placed in the left lateral decubitus position and again bilat- 
eral breath sounds were noted. Anesthesia was maintained 
with 1% halothane in 60% nitrous oxide and 40% oxygen. 
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Relaxation was accomplished with pancuronium bromide 
in divided doses. Ventilation was controlled with a tidal 
volume of 900 ml at a rate of 9 breaths/min and with an 
inspiratory pressure of 25 cm H20. 

The operation commenced at 8:15 a.m. Vital signs con- 
tinued to be stable. At 8:45 an arterial blood gas was drawn 
for gas tension determinations which showed Pao, of 77 
with Fio, of 0.4. 

Because the Pao, was below the expected value for the 
oxygen concentration (Fio,) being inspired, an assessment 
of possible causes was made. Auscultation of the chest 
revealed that there were no breath sounds present over the 
left lung field. The endotracheal tube was withdrawn a 
short distance, but this maneuver failed to improve the 
Pao,. At 9:15 the Pao, was 60 torr with an Fio, of 0.5. As the 
vital signs remained stable throughout the procedure, it was 
decided to leave the trachea intubated and the lungs venti- 
lated and to obtain a chest roentgenogram in the recovery 
room. Chest roentgenography showed collapse of the left 
lung with the tip of the endotracheal tube located above the 
carina (Fig 1A and B). Suction through the endotracheal 
tube removed a large mucous plug. Following this, aeration 
of the lungs improved dramatically. Chest roentgenography 
and arterial blood gas values returned to normal (Fig 1C). 
The patient’s trachea was extubated and he made an un- 
eventful recovery. 

One year later the patient returned to the hospital having 
been involved in yet another automobile accident. This time 
he fractured the acetabulum of his right hip which required 
open repair. The patient received morphine sulfate, 10 mg 
IM, as preoperative medication. Induction of anesthesia and 
endotracheal intubation were smooth and again bilateral 
breath sounds were heard. On this occasion the balloon of 
the endotracheal tube was balotted at the sternal notch. The 
patient was turned to the left lateral decubitus position, and 
breath sounds were noted to be equal bilaterally. Anesthesia 
was maintained with 60% nitrous oxide and 40% oxygen, 
and intermittent doses of meperidine and pancuronium 
bromide. Ventilation was set at a tidal volume of 800 ml 
with a rate of 12 breaths/min and an inspiratory pressure 
of 28 cm HO. About 1 hour after the start of anesthesia, 
secretions were heard in the endotracheal tube. Copious 
secretions were removed by suction; at the same time it was 
noted that breath sounds were diminished over the left 
lung. A blood gas measurement at this time revealed Pao, 
of 75 torr at Fio, of 0.4. 

Following surgery the patient was transferred to the 
recovery room on ventilatory support using continuous 
positive airway pressure (CPAP). Chest roentgenogram re- 
vealed collapse of the left lower lobe. While the trachea was 
being suctioned the patient coughed up a large mucous 
plug. This resulted in dramatic improvement of aeration of 
the left lower lung, blood gas values, and chest roentgeno- 
gram. The patient was discharged from the hospital in 
satisfactory condition. 
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Case 2 


The patient was a 68-year-old man who presented for an 
emergency laparotomy following a 6-week history of diar- 
rhea. The planned operative procedure was an open liver 
biopsy. Relevant past medical history revealed an old, silent 
myocardial infarction and a cerebrovascular accident re- 
sulting in a right hemiparesis. 

Clinical examination on the morning of surgery revealed 
an alert patient with stable vital signs. Heart sounds were 
unremarkable but auscultation of the chest revealed good 
air entry with bilateral basal rales. Chest roentgenogram 
showed persistent infiltrates in both lungs (Fig 2A). Serum 
electrolyte levels were normal. 

Anesthesia was induced with thiopental, 150 mg, and 
tracheal intubation was facilitated by the use of succinyl- 
choline, 100 mg. Anesthesia was maintained with halothane 
up to 1.5% in 50% nitrous oxide and 50% oxygen. Following 
tracheal intubation mechanical ventilation was instituted at 
a tidal volume of 700 ml at a rate of 10 breaths/min and 
with an inspiratory pressure of 28 to 30 cm H;O. Auscul- 
tation of the chest revealed no breath sounds on the left. 
The endotracheal tube was withdrawn until the tip lay just 
below the cords but with no improvement in breath sounds. 
At this time vital signs were stable and the lungs easily 
ventilated. As the procedure was of short duration and 
histologic diagnosis was imperative before treatment of the 
underlying disease could be initiated, it was elected to 
proceed with surgery. An arterial blood gas sample dem- 
onstrated Pao, of 73 torr with Fio, of 0.5. Fio, was increased 
to 1.0 and a subsequent arterial blood gas revealed Pao, of 
44 torr. Shortly after that results were obtained and during 
closure of the abdomen, the patient developed ventricular 
tachycardia which was quickly converted to normal sinus 
rhythm by intravenous lidocaine and bicarbonate. There- 
after, vital signs continued to be stable. Application of 5-cm 
positive end-expiratory pressure (PEEP) increased the Pao, 
to an acceptable level. A chest roentgenogram revealed 
complete collapse of the left hemithorax (Fig 2B). A large 
mucous plug was removed from the left main bronchus by 
fiberoptic bronchoscopy. Subsequent to this, bilateral 
breath sounds were again heard and chest roentgenogram 
showed full aeration of the left lung (Fig 2C). The trachea 
was extubated the following day without further complica- 
tions. 


Case 3 


This patient was a 56-year-old man who was admitted to 
the hospital with multiple trauma following a motor vehicle 
accident. He was brought to the operating room for a right 
thoracotomy because of a ruptured diaphragm and pinning 
of a fractured femur. 

Clinical examination prior to surgery revealed a sedated 
patient whose trachea was intubated and who had a right 
chest tube in place. Hemodynamically the patient was sta- 
ble. Heart sounds were unremarkable but auscultation of 
the chest revealed poor air entry on the right with diffuse 





Fic 1. A, Preoperative film, normal chest; B, immediate post- 
operative film, collapse of left lung; C, late postoperative film: 
resolution following suction of large mucous plug. 


rhonchi in the left lung field. Preoperative arterial blood 
gases revealed Pao, of 129 torr with an Fio, of 0.35. Ventilator 
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ae 
Fig 2. A, Preoperative film, pulmonary infiltrates; B, immediate 
postoperative film: complete ‘‘white out'' of left hemithorax; C, 


late postoperative film: aeration of left lung following broncho- 
scopic removal of mucous plug. 


settings were: rate 10, tidal volume 750 ml, and 12 cm 
(PEEP). 


No premedication was given. Anesthesia was induced 
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with a mixture of oxygen and enflurane. Muscle paralysis 
was achieved with pancuronium bromide in incremental 
doses. The femur was successfully pinned. At this time an 
arterial blood sample was drawn for measurement of blood 
gases. An arterial blood gas showed Pao, of 76 torr and 
Paco, of 57 torr with an Fio, of 0.48. Auscultation of the 
chest revealed diminished breath sounds on the left side. 
The cuff of the endotracheal tube was palpated at the sternal 
notch. Fiberoptic bronchoscopy revealed an intact trachea 
with unobstructed normal right main stem bronchus. How- 
ever, on entering the left main stem bronchus a large 
mucous plug was observed and evacuated. Arterial blood 
gas tensions following bronchoscopy were within normal 
limits. The thoracotomy was postponed and the patient 
returned to the intensive care unit in stable condition. 


Discussion 


Atelectasis may be thought of as complete collapse 
of one or more anatomical pulmonary units such as 
a lobule, segment, lobe, or an entire lung. Clinically, 
the signs of collapse may include absent breath 
sounds, dullness on percussion, and mediastinal shift. 
Radiographically an opacity may be noted on chest 
roentgenogram. Tachycardia, dyspnea, and cyanosis 
may or may not be present. Arterial oxygen desatu- 
ration is perhaps the most common sign and is due to 
intrapulmonary shunting of blood. 

Acute intraoperative pulmonary collapse has been 
described as a rare complication of anesthesia and 
surgery.’ In 1927 Bergamini and Shepard presented 
two cases of fatal bilateral collapse. No anesthetic 
details were furnished, but they believed that the 
collapse was due to a vasomotor disturbance of a 
reflex nature.” In 1944 Cassels and Rapoport’ re- 
viewed 6500 anesthesia records and reported intra- 
operative pulmonary collapse in 18 patients, an inci- 
dence of one in 361 cases (0.26%). Of these 18 cases, 
eight had an obvious explanation such as inadvertant 
endobronchial intubation or the spilling of infected 
material from one lung to the other. In the remaining 
10 cases no definite etiologic factor could be identi- 
fied, although excess mucus was postulated as the 
cause. Ether, a potent sialogogue, was the anesthetic 
used.” Over the next few years several more case 
reports appeared. In 1948 Pallin and Goldman‘ re- 
ported three cases of massive pulmonary collapse 
during spinal anesthesia. At autopsy, no tracheobron- 
chial obstruction was found. They attributed the cause 
of the collapse to an over-active parasympathetic 
nervous system.* In 1955 Churchill-Davidson! re- 
ported one fatal case of intraoperative pulmonary 
collapse during a laparotomy. He postulated that the 
condition may have been due to reflex bronchiolar 
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smooth muscle contraction leading to venous conges- 
tion and edema of the small airways with consequent 
bronchiolar occlusion. Raffensberger et al? described 
two cases of fatal pulmonary collapse following the 
termination of esophageal surgery. They believed that 
a combination of respiratory depression, rapid ab- 
sorption of alveolar gas, and bronchospasm were 
responsible for the massive pulmonary collapse. On 
postmortem examination no obstructive lesions were 
seen. In 1963 Kyle" reported a case of bilateral mas- 
sive collapse during thoracotomy in an asthmatic 
patient. No cause for the collapse was found and 
bronchoscopy was negative. He believed that Church- 
ill-Davidson's hypothesis was the only logical expla- 
nation of the phenomenon." Since 1970 several more 
cases have been described. Amaranath et al‘ described 
a case of collapse that was due to inadvertent intro- 
duction of blood into a main stem bronchus. Coroneos 
et al? described a patient in whom lung collapse 
occurred during a thoracotomy. They also believed 
that severe reflex bronchiolar spasm led to the pul- 
monary collapse. They pointed out in their review of 
11 cases of pulmonary collapse that seven occurred 
during thoracotomy and hypothesized that factors 
such as deflation and retraction of the lung, use of 
high concentrations of oxygen, and loss of surfactant 
may have been predisposing factors." 

In a review of the literature over the last 50 years 
we could find only two cases of intraoperative pul- 
monary collapse that were attributable to plugging of 
the bronchi with mucus. In one of these, the mucous 
plug was described as secondary to inadvertent en- 
dobronchial intubation.” The second case"? involved 
true mucous plugging and bore resemblance to our 
second patient. 

We believe that our cases represent true pulmonary 
collapse due to mucous plugging. We demonstrate 
that inadvertent endobronchial intubation was ex- 
tremely unlikely as precautions had been taken to 
ensure correct placement of the endotracheal tube. 

Modern anesthesia involves the use of dry gases to 


the tracheobronchial tree. The use of anticholinergic 
drugs, high flows of dry anesthetic gases, and the 
bypassing of the nasopharynx all contribute to 
changes in mucus secretion and to drying of respira- 
tory mucous membranes. Much work has been done 
documenting the adverse effects of mucosal drying 
and the advantages to be gained from a humidification 
system. One of the main advantages advanced for 
humidification is the avoidance of mucosal thickening 
and associated perioperative pulmonary sequelae. "'. 
In an effort to prevent intraoperative pulmonary col- 
lapse due to mucous plugs, supplemental humidifi- 
cation may be of value, together with low flow of 
anesthetic gases, avoidance of anticholinergic agents, 
preoperative respiratory therapy, and decrease in cig- 
arette smoking for 1 or 2 weeks prior to surgery. 
Finally, anesthesiologists should be aware that while 
mucous plugs causing acute alveolar collapse may 
occur only rarely, they can and do cause unexpected 
and unexplained hypoxemia during general anesthe- 
sia. 
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Quantification of Sensory 
Block by Tetanic 
Electrical Current 


Cloid D. Green, MD,* and 
John W. Linstromberg, MDT 


The extent and intensity of sensory blockade pro- 
duced by spinal, epidural, or peripheral nerve block 
is difficult to determine by use of needle pricks or 
scratches. Towel clips and hemostats produce some 
trauma as well as a potential source of infection. We 
have developed a simple, noninjurious method using 
a tetanic electrical stimulus which reliably assesses 
the extent and intensity of sensory block. 


Methods 


Tetanic electrical stimulus testing (TEST) is accom- 
plished in the following manner: The ground lead of 
a DuPaco model 54120 nerve stimulator is connected 
to a ground plate or a standard ECG electrode pad 
and placed on the patient's body. The testing electrode 
may consist of either an ECG electrode or a needle to 
which the active lead of the nerve stimulator is at- 
tached (Fig 1). 

The use of a needle has been found to increase 
sensitivity to an applied current by two to three times 
that determined by an ECG electrode. The point of 
the needle should rest on the skin, not penetrating the 
dermis. Although certain advantages of use of a 
needle as an electrode in our method may be postu- 
lated, it has not been as useful to us as the ECG 
electrode. There would seem to be several possible 
factors to account for the greater sensitivity to tetanic 
current applied through the needle. None of these 
have been investigated. 


Results 


During a 6-month period, TEST was used on 102 
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patients who had received injection of a local anes- 
thetic solution for induction of spinal or epidural 
anesthesia or for a variety of extremity nerve blocks. 
In each case, absence of pain to the full tetanic current 
applied through an ECG electrode corresponded with 
complete surgical analgesia. The perception of pain 
from the tetanic current but the absence of pain 
during surgery occurred under two circumstances: (1) 
when the time elapsed between injection and TEST 
was insufficient for the development of the block but 
a significant delay occurred before surgery began; and 
(2) when TEST of a blocked region was perceived in 
an adjacent, unanesthetized area. With the use of the 
needle electrode a number of patients will respond to 
TEST but evince no response to surgery. This is more 
common with peripheral blocks than with spinal an- 
esthesia. The following are typical of our experience 
with TEST. 





Fic 1. Ground lead of a nerve stimulator is connected to a 
ground plate or a standard ECG electrode and placed on the 
patient's body. The testing electrode consists of an ECG elec- 
trode which has been placed on the forearm. The potentiometer 
indicates three quarters current. Patient response to this stimu- 
lus would indicate inadequate surgical anesthesia. Sympathetic 
blockade and paresis may be present. 


CLINICAL REPORTS 


Example 1. Axillary brachial plexus block was per- 
forncdá on a renal dialysis patient on two occasions. 
On October 19th the area of the left arm innervated 
by the medial antibrachial cutaneous and musculo- 
cutaneous nerves was unresponsive to full current 
TEST applied through an ECG electrode and surgical 
analgesia was complete. On October 25th, following 
brachial plexus block of the right arm, the corre- 
sponding area was sensitive to a current setting greater 
than three-fourths maximum and the patient also 
responded to incision. Local anesthetic infiltration 
along the line of the incision was necessary. On both 
occasions there was marked vascular dilation and 
paresis. The precision with which TEST can deter- 
mine the degree of nerve block was clearly demon- 
strated. 

Example 2. The dorsal area of complete anesthesia 
to TEST following block of the ulnar nerve at the 
wrist could be precisely mapped (Fig 2). TEST could 
be preceived in the distal phalynx of the fourth finger. 

Example 3. The area of anesthesia produced by 
combined ileoinguinal and ileohypogastric nerve 
blocks for treatment of chronic pain was determined. 
The margin of the block was surprisingly well delin- 
eated (Fig 3). 


Discussion 


Traditional methods of assessing sensory blockade 
are less than satisfactory. It is the experience of nearly 
every clinician that autonomic block may be achieved 
without affecting sensory conduction. Chen and 
Green! demonstrated the abolishment of thermal sen- 
sation concurrent with sympathetic block in 14 con- 
sective patients. [n none of these fourteen was there 





FiG. 2. Dorsal area of complete anesthesia determined by te- 
tanic electrical stimulation testing (TEST) following an ulnar 
nerve block at the wrist. TEST could be perceived in the distal 
phalanx of the fourth finger. 





FiG 3. Area of anesthesia produced by ileoinguinal and ileo- 
hypogastric nerve blocks is sharply delineated by TEST. 


a loss of sensitivity to pin prick. The dissociation 
between motor and sensory block has been studied 
by several investigators. Winnie et al? and Bromage” 
have emphasized the development of paresis before 
anesthesia. The use of needles, towel clips, and he- 
mostats to test for completeness of anesthesia results 
in unnecessary trauma to the patient as well as the 
potential for infection. Indeed, trauma resulting from 
this type of infection may lead to misdirected diag- 
nosis and therapy. Alternate methods of evaluating 
extent and profundity of regional anesthesia are de- 
sirable. 

Dhunér and associates? reported a high correlation 
between the ninhydrin test and sensory blockade. 
This is a test of sympathetic system activity. The test 
paper must be chemically treated; 24 to 72 hours are 
then required for full development of color changes. 
The test is therefore not clinically applicable during 
anesthesia. VonDardell and Lindahl? compared the 
effectiveness of local anesthetics by mixing the anes- 
thetics with pain-producing solutions. They clearly 
demonstrated differences in the time of onset of 
anesthesia in skin wheals, but the method does not 
seem to be applicable to the problem of determining 
the extent or profoundness of a regional block. Lof- 
strom and Thulin’ described four methods for deter- 
mining different types of block: thermal test (loss of 
appreciation of cold), psychogalvanic reflex (a test of 
sympathetic nervous system activity), pinch test of 
the skin, and the loss of motor function. Each of these 
test methods has been criticized or found inadequate 
as reported above. 

In 1946, Bjorn® demonstrated that when a tooth was 
insensitive to electrical stimulation it was also insen- 
sitive to cavity preparation and pulp extirpation. 
Huldt correlated the electrical threshold of tooth pain 
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with sensitivity to drilling and reported that, on av- 
erage, sensitivity to cavity preparation was obtunded 
if the area was analgesic to 30 pamp of electrical 
current. This amperage was approximately 8 times 
the electrical threshold stimulus of an unanesthetized 
tooth. Huldt also demonstrated that if sufficient elec- 
trical stimulus was applied to a tooth that was com- 
pletely insensitive to cavity preparation, the current 
could be perceived. The findings of Bjorn and Huldt 
suggested to us that a similiar technique might be 
developed for determining the adequacy of surgical 
anesthesia during nerve blocks outside the oral cavity. 
The success of TEST as such a diagnostic technique 
can be explained by considering the physiology of 
pain conduction. Peripheral neurons of the A-d and 
C fiber categories carry impulses to second order 
afferents located in the spinothalamic tract of the 
spinal cord. Direct electrical stimulation of those sec- 
ond order neurons in humans has demonstrated that 
not only must stimulation intensity be of a supra- 
threshold value, but the stimulation must occur at a 
critical frequency. Physiologists refer to this as spa- 
tial and temporal summation. Pain, to be perceived, 
must involve a sufficient number of peripheral neu- 
rons, discharging at a critical frequency to fire the 
second order neurons. An incomplete sensory block 
by a local anesthetic abolishes the perception of a low 
intensity stimulus (pin prick) while permitting a 
stronger stimulus (incision) to be perceived as painful. 
Determination of the adequacy of surgical anesthesia 
following nerve blocks must, therefore, include use of 
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stimulus of appropriate intensity as well as frequency. 
The DuPaco model 54120 nerve stimulator (other 
models may work as well) provides both adequate 
intensity and frequency. Stimulus intensity may be 
controlled by current output and the frequency of the 
applied stimulus corresponds with the natural fre- 
quency of pain transmission. Our results verify that 
TEST correlates with the stimulus of surgically in- 
duced pain. 
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Low Pressure Headache 
following Successful 
Continuous Lumbar 
Epidural Analgesia 


Ram S. Ravindran, MD,* 
Willard H. Albrecht, MD,* and 
Mark Tasch, MD} 


Headache can result from increased intracranial 
pressure (ICP), as in meningitis, or from decreased 
ICP, as following lumbar puncture. A headache as- 
sociated with a low ICP has certain well defined 
features.’ The headache is characteristically located in 
either the frontal or nuchal region, is aggravated by 
changing from the supine to erect position, is relieved 
by recumbency, and may be associated with auditory 
or ocular symptoms. The etiology of the headache is 
generally believed to be due to leakage through the 
“dural” (dural and arachnoid) hole resulting in loss 
of a “cushioning effect" from cerebrospinal fluid 
(CSF). 

We observed two patients who described symp- 
toms characteristic of low pressure headache follow- 
ing uneventful continuous lumbar epidural analgesia. 
There was no return of CSF on placement of the 
epidural needle or on aspiration through the catheter 
in these patients. They received the usual amount of 
local anesthetic, and anesthesia was unassociated with 
hypotension, high levels of analgesia, or respiratory 
difficulty. In both patients the headache failed to 
improve with conservative therapy but was relieved 
by epidural injection of 5 ml of autologous blood. 
These patients prompted us to initiate a prospective 
study to determine the incidence of low pressure 
headache following lumbar epidural analgesia un- 
complicated by known dural puncture. 


Methods 
During a 12-month period 352 gravida 1 or 2 
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parturients ranging in age from 16 to 22 years received 
uncomplicated continuous lumbar epidural analgesia 
for relief of pain during labor and delivery. The 
patients were placed in the left lateral position and 
500 ml of lactated Ringer's solution was administered 
prior to institution of epidural analgesia. The lumbar 
epidural space was identified using loss of resistance 
technique with 12-gauge Huberpoint Tuohy needle. 
A 19-gauge Teflon catheter was then advanced 
through the needle into the epidural space. Following 
negative aspiration through the catheter for blood or 
CSF, a test dose of 3 ml of 0.5% bupivacaine was 
administered. The doses of local anesthetic used for 
labor and delivery consisted of 6 ml of 0.25% and 10 
ml of 0.5% bupivacaine, respectively. The patients 
were questioned about the presence of headache for 
2 days following delivery. Based on the description of 
headache given by the patients the headaches were 
classified into either low pressure or nonspecific 


types. 


Results 


Thirty-eight of the 352 patients who received epi- 
dural analgesia complained of headache. Of these 38 
patients five had low pressure-type and 33 had non- 
specific-type headaches. No further classification was 
made based on the intensity of headache. All five 
patients who had low pressure headache were treated 
conservatively with bed rest, intravenous and oral 
fluid administration, abdominal binders, and systemic 
analgesics for 30 hours. Only one of these five patients 
had relief of headache following conservative therapy. 
The remaining four had complete relief of headache 
following epidural injection of 8 ml of autologous 
blood.” The 33 patients who had nonspecific headache 
did not require specific treatment. 


Discussion 


In this prospective study five of the 352 parturients 
who had uncomplicated continuous lumbar epidural 
analgesia developed low pressure headache in the 
postpartum period (1.5%). One of the advantages 
claimed for continuous lumbar epidural over spinal 
analgesia is the absense of low pressure headache 
with the former technique. But sometimes it is puz- 
zling to hear complaints of low pressure type of 
headache from patients who have had uneventful 
continuous lumbar epidural analgesia. We feel unrec- 
ognized "dural" puncture may have occurred in the 
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five patients and in two other patients from an earlier 
observation. The resultant leakage of CSF caused the 
low pressure type of headache. How can “dural” 
puncture occur and not be recognized or be unasso- 
ciated with evidence of subarachnoid analgesia? 

The anteroposterior depth of the lumbar epidural 
space ranges from 4 to 6 mm. ?'PP #8 4 The length 
of the bevel of the needle we used is 3 mm. Inasmuch 
as the working depth ranges only from 1 to 3 mm, it 
is not inconceivable that one could inadvertently 
puncture the "dura" with the tip of the needle. This 
is more likely to occur with disposable epidural 
needles than with nondisposable needles as the 
needles become somewhat blunter with repeated 
usage. Some of the epidural needles, like Crawford 
point needles, have straighter tips than others and 
therefore one is more likely to puncture the "dura" 
with these types of needles. The distance from the tip 
of the needle to the tip of the bevel hole ranges from 
0.4 to 0.9 mm depending on the make of the epidural 
needles. If the extreme tip of the needle or even the 
distal part of the bevel hole should rest in the sub- 
arachnoid space there may not be any recognizable 
return of CSF. With the tip of the needle in the dura 
it is still possible to thread the epidural catheter into 
the epidural space. In none of these five patients was 
there any evidence of subarachnoid analgesia. Even 
in cases of recognized subarachnoid entry with the 
epidural needle or the catheter, repositioning the ep- 
idural needle in another interspace with subsequent 
placement of the catheter and injection of local anes- 
thetic has not resulted in total spinal anal- 
gesja. PP 44 4°)4 [t is believed that the high subarach- 
noid fluid pressure prevents the entry of local anes- 
thetic from the epidural space through the “dural” 
hole in such situations. Following recognized inadver- 
tent “dural” tap with 17-gauge epidural needle nearly 
75% of the patients are likely to develop low pressure- 
type of headache? Abouleish’ noted that epidural 
injection of autologous blood was often required to 
relieve headache in these patients. Four of the five 
patients in this series required epidural blood patch 
for relief of headache. 
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The 1096 incidence (33 of the 352 patients) of 
nonspecific headache observed in this series compares 
favorably with the 1096 incidence observed in patients 
who received only pudendal block analgesia for de- 
livery. Postpartum patients, irrespective of the type 
of pain relief they may have received during labor 
and delivery, are likely to develop nonspecific type of 
headache because of the strain of labor and delivery, 
relative dehydration, and the diuresis that normally 
occurs in the immediate postpartum period. 

In summary a 1.596 incidence of low pressure head- 
ache was observed following uneventful continuous 
lumbar epidural analgesia for labor and delivery. 
Although there was no recognizable evidence of sub- 
arachnoid entry or analgesia during the institution of 
epidural analgesia, based on the fact that the headache 
had features of spinal headache and was completely 
relieved in all these patients following epidural blood 
patch, we speculate that unrecognized "dural" punc- 
ture with subsequent leakage of CSF may have caused 
the headache. In view of these cases it may be appro- 
priate to reconsider the teaching that a "spinal head- 
ache" is not a complication of epidural analgesia. 
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Neck Pain: An Unusual 
Presentation of Bladder 
Perforation 


Leonard S. Jacob, MD, PhD,* and 
Dennis C. Gray, MDT 


The diagnosis of ruptured bladder is generally not 
difficult if the likelihood of injury is appreciated’ and 
the signs and symptoms familiar. During spinal an- 
esthesia abdominal pain, the most common symptom 
of intraperitoneal and extraperitoneal rupture, can be 
obscured.” The urologist as well as the anesthesiolo- 
gist must therefore rely on other signs and symptoms 
of bladder perforation if an accurate and rapid diag- 
nosis is to be made. These include restlessness, para- 
sympathetic reflex responses, respiratory changes, 
and abdominal or shoulder pain. We report a case in 
which neck pain was the presenting symptom of 
bladder perforation. To our knowledge this unusual 
presentation has not previously been reported. 


Case Report 


A 64-year-old, 77-kg man with urinary frequency and 
nocturia was scheduled for cystoscopy and transurethral 
bladder biopsy. Previous urologic surgery included a trans- 
urethral prostatectomy for benign prostatic hypertrophy 
and transurethral resection of a bladder neck stricture 2 
years previously, both under spinal anesthesia without com- 
plications. The remainder of the past medical history and 
routine laboratory studies were unremarkable. The ECG, 
unchanged from 1978, revealed a right bundle branch block 
and left axis deviation. 

Premedication consisted of 10 mg of diazepam given 
orally 1 hour prior to surgery. Lidocaine, 100 mg (5% 
solution), with 7.596 dextrose was injected into the subarach- 
noid space via the L4-5 interspace while the patient was in 
the left lateral decubitus position. After 5 minutes, the 
sensory level of spinal anesthesia was T7 and after 15 
minutes T3, where it stabilized. The cystoscopic examina- 
tion with multiple bladder biopsies proceeded uneventfully 
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until the patient described an intense "knife-like" pain 
along the entire right dorsolateral aspect of his neck. Nausea 
and diaphoresis quickly followed. The heart rate decreased 
from 80 to a sinus rate of 42 beats per minute and the blood 
pressure decreased from 140/70 torr to 80 by palpation. 
Atropine, 0.5 mg IV, did not increase the heart rate. An 
additional 0.5 mg of atropine and ephedrine, 10 mg IV, 
increased the heart rate to 60 and the blood pressure to 
120/60 torr. Lead II of the ECG revealed no ST-T segment 
changes. The nausea and diaphoresis abated but the intense 
right dorsolateral neck pain persisted. Diazepam, 2.5 mg, 
was given intravenously to treat possible muscle spasm, but 
had no therapeutic effect. The level of spinal anesthesia was 
still T3. 

An intraoperative retrograde cystogram revealed intra- 
peritoneal and extraperitoneal extravasation of contrast ma- 
terial (Figure). Treatment consisted of antibiotics and Foley 
catheter drainage with the patient in a semi-Fowler's posi- 
tion. After 8 days of conservative management a retrograde 
cystogram demonstrated no extravasation of dye from the 
bladder. The Foley catheter was subsequently removed and 
the patient discharged the following day. 


Discussion 


Injuries secondary to cystoscopy and resection are 
probably the single most common cause of urinary 
bladder trauma.’ With a cystoscope or resectoscope 
in the bladder, any sudden movement of the patient 
may cause the bladder wall to come into abrupt 
contact with the tip of the cystoscope causing contu- 
sion, partial tear, or complete rupture of the bladder. 
Fortunately, when such movement occurs, the oper- 
ator is aware of the potential injury and the bladder 
can be inspected for damage. Many times, however, 
perforation can occur more subtly and its signs and 
symptoms may not be obvious. Its presentation will 
be influenced by the site and degree of perforation, 
as well as by the anesthetic technique employed. 
Aldrete et al? Desmond,* and Marx and Orkin” have 
reviewed the common signs and symptoms. These 
include restlessness; parasympathetic reflex re- 
sponses, including bradycardia, hypotension, diapho- 
resis, nausea, and vomiting; abdominal pain with 
distensien and rigidity; dyspnea or irregular respira- 
tory pattern; shoulder pain or hiccups; and excessive 
retention of bladder irrigating solution. 

In our patient, right dorsolateral neck pain was the 
presenting symptom of bladder perforation. Other 
more common symptoms of intraperitoneal rupture 
of the bladder, such as abdominal pain, may be absent 
with high spinal anesthesia. As with rupture of any 
intraperitoneal viscus, fluid or free air can cause irri- 
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FIGURE. Retrograde cystogram demonstrating extraperitoneal 
contrast at the base of the bladder (B, long solid arrows), 
intraperitoneal contrast outlining peritoneum (solid arrowheads), 
and loops of bowel (open arrow). 


tation of the phrenic nerve. This has been reported in 
intraperitoneal bladder perforation producing the 
symptoms of hiccups and “shoulder tip pain."? The 
phrenic nerve contains both motor and sensory fibers 
which supply the mediastinal and central part of the 
diaphragmatic pleura, the pericardium, and the dia- 
phragmatic peritoneum. Though derived mainly from 
the fourth cervical nerve, the phrenic nerve also re- 
ceives fibers from the third and fifth cervical nerves.” 


ANESTHESIA AND ANALGESIA 
Vol 59, No 10, October 1980 


802 


The dorsolateral aspect of the neck is innervated by 
C3, C4, and to a lesser extent, C5. Thus instead of the 
classic “shoulder tip pain,” our patient experienced 
neck pain which is still within the dermatomal seg- 
mentation’ of the phrenic nerve. 

Extraperitoneal and intraperitoneal bladder perfo- 
ration can occur simultaneously. Greene" described 
the early symptoms of extraperitoneal extravasation 
of irrigating fluid as nausea, vomiting, diaphoresis, 
and hypotension. Our patient had most of these 
symptoms. 

This case involves an unusual presentation of pain 
after bladder perforation. Though neck pain is not as 
common a symptom of phrenic nerve irritation as 
"shoulder tip pain” or hiccups, the dermatomal seg- 
mentation to the neck should be kept in mind. This 
is especially true in the presence of a perforated viscus 
where neck pain might present acutely and unilat- 
erally. 
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Aerosol Anesthesia of the 
Airway Using a Small 
Disposable Nebulizer 


Dragan D. Vuckovic, MD,* 
Sharon-Marie Rooney, MD,7 
Paul L. Goldiner, MD, and 
Daniel O'Sullivan, CRTT§ 


Many patients with cancer have deformities of the 
airway due to tumor invasion and/or displacement. 
Frequently such patients have undergone radiother- 
apy and multiple surgical interventions. They often 
require further extensive diagnostic and therapeutic 
procedures. Various anesthetic techniques are used 
depending on the requirement of the procedure, the 
patient, and clinician. 

We describe a new technique, using a small dis- 
posable “ACORN” nebulizer, already available in the 
operating suite for the administration of bronchodi- 
lators. This technique has been successfully used at 
Memorial Sloan-Kettering Cancer Center for the past 
3 years to nebulize lidocaine for topical anesthesia in 
patients with deformities of the airway. 


Methods 


The procedure is explained to the patient during 
the preanesthesia visit. Removal of dry or extensive 
mucus the night before and on the morning of surgery 
is beneficial in the preparation for anesthesia. Pre- 
medication includes an anticholinergic drug for a 
drying effect as copious secretions and mucus may 
impair contact between local anesthetic mist and the 
airway mucosa. 

The equipment for this technique is determined by 
the position of the patient during nebulization. For 
the sitting position an oxygen mask, ACORN nebu- 
lizer, and vinyl-tipped oxygen tubing are sufficient 
(Figure, A). 
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If the patient is supine, an extension aerosol hose 
and closed end (elbow) piece are added (Figure, B) to 
enable positioning the nebulizer in the upright posi- 
tion for maximum nebulizer efficiency. 

The ACORN nebulizer is filled with the desired 
dosage of 4% lidocaine, usually 4 to 6 ml. After the 
mask is placed on the patient's face, the oxygen flow 
meter is gradually opened until the maximum amount 
of mist of nebulized lidocaine is delivered from the 
nebulizer to the face mask. Eight to 10 L/min is 
usually sufficient flow. 

The patient is advised to breath slowly and deeply 
through the open mouth, moving the tongue around 
occasionally for complete anesthetization. The period 
of nebulization, usually from 4 to 7 minutes, is used 
for further preparation of the patient. 

After completion of nebulization the upper airway 
may be tested for numbness and absence of gag reflex. 
In 90% of our cases one nebulization of lidocaine was 
sufficient to produce topical anesthesia. If necessary, 
an additional application of 2 ml of 4% lidocaine can 
be nebilized or another local anesthetic technique 
used, depending on the particular requirement of the 
procedure. 


Discussion 


Efforts to apply medication and medicated gases to 
and through the airway date back to the early years 
of medicine. Different methods have been used to 
anesthetize the airway including gargle, swab, spray, 
aerosol, and nerve block. In 1949, Miller et al* 
described surface anesthesia of the respiratory tract 
by nebulization. Since that time the increased chal- 
lenges of diagnosis and therapeutics have produced 
many publications on this subject. 

Sjogren and Wright” determined that central nerv- 
ous system toxicity may be seen when plasma con- 
centrations of lidocaine are 5 to 6 ug/ml, but are more 
frequently observed at concentrations greater than 9 
ug/ml. Pelton et al? found plasma lidocaine concen- 
trations of about 2.7 ug/ml in children after topical 
aerosol application of lidocaine (3 mg/kg). Viegas and 
Stoelting’ found, after laryngotracheal administration 
of 4% lidocaine (2 mg/kg) prior to endotracheal in- 
tubation, plasma concentrations of 1.7 + 0.2 ug/ml 
when the endotracheal tube was not lubricated with 
lidocaine and 2.4 ug/ml when the tube was lubricated 
with viscous lidocaine. In another study, plasma levels 
of lidocaine did not exceed 0.6 ug/ml following ne- 
bulization of either a 280-mg dose via intermittent 
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FIGURE. Components used in this technique: A, patient in sitting 
position; B, patient in supine position; 1, Vinyl under-the-chin- 
style oxygen mask (Inspiron, Upland, CA); 2, “ACORN” nebu- 
lizer (Vix Breathing Equipment, Jamestown, CA); 3, Oxygen 
tubing 84 in, vinyl-tipped (Inspiron); 4, ‘‘U-mid’’ aerosol hose, 
15 cm (Bard-Parker, Rutherford, NJ); 5, Closed end (elbow) 
piece model DSA 100 (Instrumentation Industries Inc, Pitts- 
burgh, PA). 


positive pressure respiration or a 400-mg dose via 
ultrasound." 

The dose of lidocaine (160 to 240 mg) used in our 
method is well below the maximum limit. Based on 
previously published studies we predict that plasma 
lidocaine concentrations produced by our technique 
were below toxic levels. Previous investigators have 
established that loss of local anesthetic to air varies 
from 2096, if nebulization is cycled with respiration, 
to 5096 or greater when nebulization is continuous 
during inspiration and expiration." As our tech- 
nique employs continuous nebulization the estimated 
loss of nebulized lidocaine is likely to be greater than 
5096, further lessening the plasma concentration. It 
has also been shown that the rate of absorption of 
lidocaine from the trachea under similar conditions is 
slower than that associated with intravenous injec- 
ign i 

In our study, lidocaine aerosol administered to 
patients with bronchospastic disease resulted in sup- 
pression of irritative and nonproductive cough, di- 
minishing of dyspnea, and disappearance of respira- 
tory wheezes. A recent study by Gal? confirmed our 
impression that lidocaine aerosol has mild broncho- 
dilating effect. 

This technique is indicated whenever topical anes- 
thesia of the airway is appropriate. This includes 
awake endotracheal intubation prior to general anes- 
thesia, particularly when there is distortion of the 
airway due to tumor, postradiation scarring, or prior 
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surgical intervention. This technique should also be 
considered in the presence of tumor invasion of the 
cervical spine and in situations where stimulation of 
the airway during intubation must be avoided, as in 
patients with a history of asthma, coronary insuffi- 
ciency, or pheochromocytoma, and in patients where 
a reflex rise in intracranial pressure would be detri- 
mental. The ACORN nebulization of lidocaine has 
also been used after surgery in the recovery room to 
suppress or prevent airway irritation and broncho- 
spasm following bronchoscopy, laryngeal biopsies, 
and bronchoscopic implant of radioactive seeds into 
tracheal and bronchial tumors. 

In summary, the use of a disposable ACORN ne- 
bulizer for topical anesthesia of the airway is de- 
scribed. Ine advantages of the technique include 
simplicity, noninvasiveness and the use of equipment 
that is inexpensive and already available in the oper- 
ating room. It is rapid, easy, and can provide preox- 
ygenation simultaneously with nebulization. There is 
no patient discomfort. The doses of nebulized lido- 
caine are below the toxic level. 
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Yet Another 
Vaporizer Hazard 


To the Editor: 


The use of temperature-compen- 
sated, flow-independent,  precali- 
brated vaporizers for the delivery of 
volatile anesthetics adds convenience 
at the expense of increased mechani- 
cal complexity. One assumes that 
these devices do not deliver anesthetic 
when they are turned off, but this is 
not always the case.' Recently, while 
refilling a Cyprane Enfluratec variable 
bypass vaporizer during an operative 
procedure, the presence of an unsus- 
pected flow of diluent gas was de- 
tected. When the fill spout was re- 
moved after filling the vaporizer to an 
appropriate level, the anesthetic 
poured out, suggesting the presence 
of flow through the vaporizer. The 
dial of the vaporizer was apparently 
turned to “OFF.” Closer inspection 
showed that the dial was rotated sev- 
eral degrees past the OFF mark. The 
dial was reset to the center of the 
detent position, and the vaporizer was 
refilled without further incident. 

The anesthesia machine was re- 
moved from service at the completion 
of the case. It was then discovered 
that the locking plastic ring was used 
to ensure positive on-off operation of 
the vaporizer had worn in such a 
manner that it was possible to turn 
the dial several degrees past the OFF 
position. Before removing the Enflur- 
atec for servicing, gas was collected in 
sampling bags to measure the concen- 
tration of anesthetic being delivered 
when the dial was rotated past OFF. 
Using gas chromatography, we found 
the anesthetic concentration to vary 
with machine settings of nitrous oxide 
and oxygen as shown in the Table. 

The concentrations presented are 
certainly within the range to produce 
a clinical effect in some individuals. 
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TO THE EDITOR 


TABLE 


Enflurane Concentrations with Vaporizer 
"OFF" 


EE TE 





NO Os Enflurane 
L / min L / min 96 
2 1 0.53 
4 2 0.60 
0 8 0.71 





Preventive maintenance procedures 
should detect and correct faulty OFF 
stops in the Enfluratec vaporizer. 


Joseph M. Miller, AA 

Helmuth F. Cascorbi, MD, PhD 
Department of Anesthesiology 
Case Western Reserve University 
Cleveland, Ohio 44106 
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Plastic Syringes for 
Epidural Anesthesia 


To the Editor: 


Many anesthesiologists consider a 
glass syringe (preferably a control-re- 
lease type of glass syringe) necessary 
when performing an epidural block 
with the loss of resistance technique. 
As a result, manufacturers of dispos- 
able epidural trays fail to provide al- 
ternative syringes despite the higher 
cost of glass syringes. 

We have successfully performed 
several thousand epidural procedures 
using a disposable plastic control sy- 
ringe with a Luer-Loc tip (Becton- 
Dickinson). In fact, we now prefer 
this syringe to a glass syringe fer sev- 
eral reasons. In addition to being 
much less expensive than glass sy- 
ringes, the plunger-barrel resistance 
is more uniform with plastic syringes. 
This resistance is not affected by 
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powder from gloves which may get 
on the plunger, making the plunger 
stick and grab, nor does the plunger 
slide when the syringe is in a position 
other than horizontal. The clarity of 
the barrel of plastic syringes is quite 
adequate and the materials are un- 
breakable. In addition, there is no 
problem with matching barrels and 
plungers when glass syringes are in- 
cluded with in-house prepared epi- 
dural sets. Finally, the two compo- 
nents do not stick together if allowed 
to dry (which often results in the dis- 
carding of a glass syringe). 

With greater acceptance, these sav- 
ings from using a less expensive if not 
better syringe would help physician 
cost-containment efforts. 


Edward A. Loeser, MD 
Department of Anesthesiology 
University of Utah 

Medical Center 
Salt Lake City, Utah 84132 


Clinton Newman, MD 

John Robinson, MD 
Department of Anesthesiology 
Cottonwood Hospital 
Murray, Utah 84107 


Diazepam Reversal 
by Physostigmine 
To the Editor: 


In “Atropine in Physostigmine Re- 
versal of Diazepam” (Letters to the 
Editor, Anesth Analg 59:459-460, 
1980) Garber et al! state they find no 
convincing objective controlled sci- 
entific data to indicate that physostig- 
mine can arouse patients from diaze- 
pam-induced sedation. However, a 
report by Avant et al” demonstrated 
that physostigmine administered to 
human volunteers reversed diaze- 
pam-induced hypnosis. In this ran- 
domized double-blind study, physo- 
stigmine given as Antilirium reversed 
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sleep induced by diazepam (0.102 to 
0.238 mg/kg of body weight). Diaze- 
pam plasma levels were not signifi- 
cantly different at the start of either 
the physostigmine or placebo infu- 
sion, and physostigmine did not affect 
plasma binding of diazepam. Six of 
the eight volunteers had muscarinic 
side effects after the physostigmine 
infusion. 

Thus, there is scientific data dem- 
onstrating that physostigmine can re- 
verse diazepam-induced hypnosis in 
man, but as Garber et al' suggest, 
physostigmine causes side effects re- 
quiring cautious administration. 


M. Lawrence Berman, MD, PhD 
Department of Anesthesiology 
Vanderbilt University 

School of Medicine 
Nashville, Tennessee 37232 
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RRS Qua fella REA CM NN 
Naloxone 
Hypertension 


To the Editor: 


We read with interest the article by 
Azar and Turndorf.' Although hyper- 
tension following naloxone adminis- 
tration has been reported, hyperten- 
sion in the patient described in this 
article may not be solely attributed to 
the naloxone administration. The first 
record of blood pressure following 
naloxone administration was in the 
recovery room and at this time the 
patient was incoherent and restless. 
Although the authors discount pain 
and anxiety as a cause of hyperten- 
sion, the incoherence and restlessness 
seen in this patient in the recovery 
room may well have been due to pain. 

Second, the possibility of physo- 
stigmine as a cause of hypertension 
cannot be discounted. The predomi- 
nant cardiovascular effect of antichol- 
inesterases is bradycardia and hypo- 
tension. However, anticholinesterases 
are capable of reinforcing sympa- 
thetic tone and acetycholine-induced 
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discharge of epinephrine from the ad- 


renal medulla.” Ganglionic stimula- 
tion following anticholinesterase ad- 
ministration may result in vasocon- 
striction, tachycardia, and hyperten- 
sion.” Thus, physostigmine can cause 
hypertension although this response 
is unpredictable. With such poly- 
pharmaceutical therapeutic manage- 
ment, no clear-cut cause and effect 
relationship can be established be- 
tween hypertension and naloxone ad- 
ministration. 


Kirit Patel, MD 

Simon Gelman, MD 

Department of Anesthesiology 

University of Alabama 
Medical Center 

Birmingham, Alabama 35294 
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To the Editor: 


In response to the comments of Drs 
Patel and Gelman the strength of our 
speculation on naloxone’s potential to 
provoke pressor response lies with 
the following facts: 

1. There are now several reports in 
the literature of severe cardiovascular 
response following naloxone."? Our 
patient's blood pressure rose to 270/ 
140 torr and that of Tanaka's to 340/ 
150 torr. Although pain may cause 
pressor response, it is difficult to ac- 
cept it as the cause of such extreme 
hypertension. 

2. Pressor responses following nal- 
oxone administration occur in ani- 
mals anesthetized with halothane and 
free of pain.' 

3. Preliminary studies in our de- 
partment indicate that  naloxone 
causes pressor response in patients 
under inhalation anesthesia and free 
of pain. 

4. Preliminary studies indicate that 
naloxone releases catecholamines in 
man (J. E. Cottrell, personal commu- 
nication). 

Drs Patel and Gelman argue that 
physostigmine could possibly be the 
cause for the hypertensive episode in 


our patient. Their theoretical discus- 
sion may be valid. However, our pa- 
tient’s blood pressure was signifi- 
cantly elevated (200/120 torr) well be- 
fore physostigmine was administered. 
Following physostigmine the patient 
was coherent and cooperative. He 
complained of no pain and required 
no analgesics. 

The intention of our case report 
was to sound an alert to a possible 
adverse effect of naloxone. Although 
cause and effect relationship has not 
been established, the reports of severe 
pressor response after naloxone do 
call for caution in administering nal- 
oxone and for further investigation of 
its cardiovascular effects. 


Isaac Azar, MD 

Department of Anesthesiology 
Mount Sinai School of Medicine 
New York, New York 10003 
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Cephalosporin 
Hepatitis 
To the Editor: 


The clinical report by Ona et al,’ is 
provocative. Their data, however, 
leave doubt as to whether the acute 
liver necrosis described resulted from 
enflurane or from the cephalosporins. 

The authors state, “It is unlikely 
that the hypersensitivity reactions 
manifested in this patient were due to 
cephalothin.” They cite as evidence 
for this the lack of adverse reaction in 
the patient on prior exposure to 
cephalothin. Historically, the same is 
true in terms of prior exposure to 
enflurane. Yet, the authors choose to 
disregard this parallel and implicate 
enflurane as the causative agent. 

The clinical picture described, in 
particular, fever, chills, urticarial rash, 


and abnormal liver function tests, is 
known to occur with cephalosporin 
hypersensitivity.” * Although these 
symptoms occurred 12 hours after en- 
flurane anesthesia, they also occurred 
7 hours after a relatively large dose 
(3 g) of intravenous cephalothin. The 
patient later received two, 2-g doses 
of cefamandol over an unspecified 
period and then tetracycline. The in- 
dication for administration of such 
large doses of cephalosporins and for 
the change from cephalothin to cefa- 
mandol to tetracycline if cephalothin 
toxicity was not in question is not 
clear. At any rate, the patient appar- 
ently improved shortly after cessation 
of the antibiotics. 

Absence of prior reaction to ceph- 
alosporins in no way precludes the 
appearance of hypersensitivity on 
subsequent administration of the 
drug. Indeed, Sanders et al? described 
an illness resembling serum sickness, 
developing within 2 to 4 weeks in 
10096 of 30 volunteers given cepha- 
lothin or cephapirin in increasing 
doses (up to 2 g by rapid intravenous 
infusion four times daily). Ona et al' 
assert that serum sickness-like reac- 
tions to cephalothin are related to the 
administration of large doses of the 
drug by rapid intravenous infusion 
for a prolonged period, and they cite 
Sanders et al? as their source. The 
latter authors did not, in fact, reach 
the same conclusion. They were not 
certain of the explanation for the 
10096 occurrence of hypersensitivity 
reactions among their subjects. They 
postulated that the dose of cephalo- 
sporins (or their degradation prod- 
ucts) necessary to elicit hypersensitiv- 
ity reactions uniformly may be ex- 
ceedingly high, and these levels may 
be achieved only by rapid intravenous 
infusion of large doses. The unique 
aspect of their study was the admin- 
istration of large doses of cephalo- 
sporins (2 g) by rapid intravenous 
infusion for a prolonged period. In 
their abstract, however, Sanders et al” 
stated, "The extraordinarily high rate 
of reactions was apparently due to the 
rate of drug infusion orthe high doses 
employed or both." In this regard it 
should be emphasized that the patient 
reported on by Ona et al' received 3 
g of cephalothin, a dose larger than 
that administered to any of the sub- 
jects of Sanders et al, just prior to the 
onset of her adverse reaction. 
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Ona et al' state also that their pa- 
tient suffered no adverse effects when 
cefamandole was administered after 
she became febrile following the sec- 
ond operation. They use this as ad- 
ditional evidence that the cephalo- 
sporins were not responsible for their 
patient's illness. The basis for this 
conclusion is puzzling because, from 
the description of events, the patient's 
condition improved 24 to 48 hours 
after the antibiotics were discontin- 
ued. Similarly, Sanders et al^ found 
that most manifestations of illness re- 
sulting from cephalosporins required 
from 3 to 7 days to resolve after dis- 
continuation of the drug. 

‘In their study, Sanders and col- 
leagues’ did not consistently observe 
abnormalities of liver function. How- 
ever, one or two of their 30 subjects 
had transient, 1- to 2-day, elevations 
of SGOT (W. E. Sanders, personal 
communication). In contrast to these 
transient rises in SGOT, the trans- 
aminase levels in the patient of Ona 
et al remained elevated for approxi- 
mately 4 weeks. A possible explana- 
tion for this discrepancy is that the 
subjects of Sanders et al were healthy 
young men receiving no other drugs, 
whereas, the patient of Ona et al re- 
ceived three antibiotics and, more 
likely than not, a number of other 
medications, preoperatively, intra- 
operatively, and postoperatively. An 
idiosyncratic reaction to one or a com- 
bination of such drugs resulting in 
hepatic injury is a possibility. AI- 
though the potential for hepatic in- 
jury with cephalosporins is censid- 
ered to be low,” the same is also true 
for enflurane.* Isolated case reports 
of liver damage allegedly associated 
with enflurane anesthesia not with- 
standing, as of 1977 an estimated 10 
million patients had received enflur- 
ane anesthesia and.no syndrome of 
“enflurane hepatitis" had yet been 
described." 

Finally, the histology of the percu- 
taneous liver biopsy specimen is non- 
specific and could be produced by 
any number of drugs. Therefore, the 
sequence of events which developed 
in this patient in relation to the drugs 
administered simply permits no con- 
clusion to be reached as to the caus- 
ative agent. Rechallenging this patient 
with enflurane would undoubtedly 
shed light on whether or not enflur- 
ane was the offending agent. How- 
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ever, as the authors correctly point 
out, this test is ethically untenable. By 
the same token, one should ask 
whether this patient should be ex- 
posed again to large intravenous 
doses of cephalosporins. 


Donald H. Lambert, PhD, MD 
Department of Surgery 
Division of Anesthesiology 
Medical Center Hospital 

of Vermont 
Burlington, Vermont 05401 
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Gastric Function 


To the Editor: 


Stoelting’s conclusion! that fen- 
tanyl, halothane, and enflurane-ni- 
trous oxide anesthesia decrease gas- 
tric fluid secretion may be questioned 
on the basis of the study protocol 
used and results presented. In this 
study, a nasogastric tube was placed 
to aspirate the stomach contents. The 
volume of gastric fluid was measured 
after induction of anesthesia and 2 
hours later. In all but one group of 
patients, the volume of the second 
sample was significantly less than the 
original volume measured. This ob- 
servation may not be related to the 
rate of gastric fluid secretion. 

The volume of stomach contents 
depends on three factors: the rate of 
gastric filling from the esophagus, the 
rate of secretion of gastric fluid, and 
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the rate of gastric emptying through 
the pylorus. By measuring only the 
volume of stomach contents, one can- 
not decide which of these processes 
have contributed to the result. The 
other consideration is that the contri- 
bution of each of the above factors to 
the volume of gastric contents is a 
rate phenomenon, i.e., volume per 
time. In the present study, the initial 
fluid volume in the stomach was the 
result of accumulation from the time 
the patient started fasting until the 
time of anesthesia. The second sam- 
ple represented the volume accumu- 
lated in the next 2 hours. Even if the 
rate of gastric filling from the eospha- 
gus and gastric emptying did not 
change, since the length of the two 
collection periods was not equal, the 
volumes measured cannot be com- 
pared in terms of change in rate of 
gastric secretion. 

New drugs such as metoclopram- 
ide which increase gastric motility 
and emptying are being studied for 
use as premedicants.” In order to as- 
sess their effect on gastric fluid vol- 
ume during anesthesia, it is important 
to understand the effect of general 
anesthesia on gastric secretion and 
emptying. The conclusions of the 
present article may confuse our future 
understanding of drugs like metoclo- 
pramide which might be used during 
general anesthesia. 


Arnold Berry, MD 
Department of Anesthesiology 
Emory University School 

of Medicine 
Atlanta, Georgia 30322 
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To the Editor: 


Inhalation anesthetics decrease hy- 
drogen ion secretion from isolated 
gastric mucosa.’ Based on this obser- 
vation, I concluded that the most 
likely explanation for the reduced 
gastric fluid volume observed in my 
study was an anesthetically induced 
inhibition of gastric fluid secretion.” 
Dr Berry correctly suggests that other 


808 


Vol 59, No 10, October 1980 


ANESTHESIA AND ANALGESIA 


LETTERS TO THE EDITOR 


factors, such as gastric filling from the 
esophagus and gastric emptying time, 
may have influenced the gastric fluid 
volume. Although passive gastric fill- 
ing from the esophagus could not be 
quantitated in my study, it should 
have been minimal in these anesthe- 
tized patients, most of whom had re- 
ceived an anticholinergic as preme- 
dication. Accurate determination of 
gastric emptying time would have re- 
quired use of a fluid “test meal."? 
This test was not performed, but it 
would seem unlikely that inhaled an- 
esthetics or fentanyl would speed gas- 
tric emptying time. I agree that the 
mechanism for reduced gastric fluid 
volume observed in my study cannot 
be stated with certainty. Nevertheless, 
I conclude that the most likely mech- 
anism remains anesthetic-produced 
inhibition of gastric fluid secretion. 
Dr Berry also correctly points out 
that control gastric fluid volume in 
my study, unlike the volume meas- 
ured during anesthesia, did not rep- 
resent accumulation over a 2-hour pe- 
riod. Nevertheless, gastric fluid vol- 
ume represents a dynamic process of 
continued secretion (40 to 80 ml/hr 
in awake patients)* and gastric emp- 
tying (75 minutes following a test 


meal). Based on these data I con- 
cluded that a 2-hour interval was a 
sufficient elapsed time to obtain a 
single gastric fluid sample for volume 
comparison with the control measure- 
ment. 

I do not agree that my data may 
confuse understanding of the effects 
of metocloproamide. The efficacy of 
metroclopramide in speeding gastric 
emptying time in awake patients is 
well established." The same effect of 
metoclopramide during anesthesia 
will require use of "test meal" with or 
without the drug. Our observation of 
a small gastric fluid volume after 2 
hours of anesthesia does not alter the 
need to determine the effect of me- 
toclopramide on gastric emptying 
time in anesthetized patients. When 
these data are available, it can be 
anticipated that the control group in 
such a study will also define the effect 
of anesthesia on gastric emptying 
time. 

Robert K. Stoelting, MD 
Department of Anesthesia 
Indiana University School 
of Medicine 
Indianapolis, Indiana 46223 
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Nitrous Oxide and 
Vaporizer Outputs: 
Transient or 
Continuous Effect? 


To the Editor: 


We would like to comment on a 
recent report by Lin! which dealt in 
part with the effects of carrier gas 
composition on the outputs of com- 
monly used vaporizers. Previous 
studies had suggested that nitrous ox- 
ide in carrier gas increases the output 
of the Cyprane Mark II halothane 
(Fluotec) vaporizer,”* reduces the 
output of the Ohio enflurane vapor- 
izer,* and has little or no effect on 
the performance of the Cyprane Mark 
III halothane and Cyprane enflurane 
vaporizers.”° Lin's investigation of 
NO in these and other vaporizers 
paid particular attention to the time 
course of any N2O-related effect. His 
report suggests that nitrous oxide al- 
tered the outputs of all vaporizers 
tested and that in each case the effect 
was only short-lived. At carrier gas 
flow rates of 3 and 5 L/min, N;O- 
induced changes were fully reversed 
within 10 minutes. 

The observation that NoO effects 
were only transient presents two 
problems. First, it is inconsistent with 
data indicating that nitrous oxide-in- 
duced changes in vaporizer output, 
when they occur, persist unchanged 
for 30 minutes and longer.^ ? Second, 
if, as Lin and others have suggested, 
output dependence upon carrier gas 


relates mainly to the physical prop- 
erties (i.e., density and/or viscosity) 
of that gas, then one would expect a 
constant change in physical proper- 
ties to produce a continuous rather 
than just a transient effect. 

Accordingly, we have repeated 
Lin’s experiment on the effect with 
respect to time of nitrous oxide flow- 
ing through two Ohio enflurane va- 
porizers and a Cyprane Mark II Flu- 
otec halothane vaporizer. One Ohio 
unit had been in clinical use and the 
other was new; the Cyprane Fluotec 
vaporizer had been used only occa- 
sionally in our laboratory. Each unit 
was tested at settings of 1% and 3% 
and with total gas flow rates of 6 L/ 
min and 3 L/min. Vapors were sam- 
pled continuously from a port 35 cm 
downstream from the vaporizer outlet 
and were analyzed by a calibrated 
Perkin-Elmer no. 1100 mass spec- 
trometer. 

Upon changing the carrier gas to 
the enflurane vaporizers from oxygen 
to nitrous oxide, enflurane outputs 
decreased to their lowest levels in the 
Ist minute or so and then stabilized 
within 10 minutes at levels that were 
2096 to 4096 below control (see Figure). 
These new levels remained constant 
over the succeeding hour. In the Cy- 
prane Mark II vaporizer, nitrous oxide 
at both flow rates increased the hal- 
othane output approximately 20% at 
the 1% setting and approximately 15% 
at the 396 setting, changes which also 


+10 
TIME (min) 
5 
o 
—|O 
\ 
lJ ^ 
© -20 AN RT Q.------------- 
á poe 
^ 4 N csi MUR QU ae 
z —30 \ p il 
s b- 3 
-40 : 
—90 
-60 


LETIERS TO THE EDITOR 


persisted for more than 1 hour. In the 
Ist minute or so following the change 
to N-O in the Ohio unit, there was a 
suggestion of an additional transient 
depression of output (Figure), an ef- 
fect which may be akin to that re- 
ported by Lin. However, overall our 
data indicate that nitrous oxide in 
carrier gas had a continuous depres- 
sive effect on the output of the Ohio 
enflurane unit and a continuous aug- 
menting effect on the output of the 
Cyprane Mark II Fluotec, in keeping 
with previous reports.” ^? 

These observations appear to be at 
variance with those of Lin, and an 
explanation for the differences is not 
immediately apparent. Lin's experi- 
mental arrangement was slightly dif- 
ferent from ours in that N20 effects 
were studied with vaporizers incor- 
porated in the fresh gas inflow of a 
circle system that was being venti- 
lated with positive pressure. How- 
ever, vapor outputs in both studies 
were measured at similar sites, and it 
seems unlikely that positive pressure 
would convert a continuous N;O ef- 
fect to a transient one. 

R. Knill, MD 

L. Prins, RRT 

J. Strupat, RRT 
J. Clement, RN 
Departments of Anaesthesia and 
Respiratory Technology 
University Hospital and 
University of Western Ontario 
London, Ontario, Canada N6A 5A5 
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Figure. Outputs of an Ohio enflurane vaporizer upon changing carrier gas from 
oxygen 100% to nitrous oxide 100%. Outputs are depicted as percentage decrements 
of vapor concentration from control. Vaporizer concentration settings and carrier gas 
flow rates are indicated on the right. These data were obtained from a vaporizer that 
had been in clinical use; data from a new vaporizer were nearly the same. 
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Head Strap 
Modification 


To the Editor: 


While the modification of the head 
harness described by Dr Chander 
(Anesth Analg 59:487, 1980) is an in- 
teresting attempt to resolve the prob- 
lems associated with the current 
models, I do not believe it achieves its 
purpose without introducing further 
problems. As his photograph (figure 
2) shows, there is a tendency for the 
uppermost straps to slip down around 
the head thereby allowing a leak 
about the nose and a loosening of the 
throat straps. Second, while he ad- 
vises care to avoid compressing the 
carotids with the lowermost throat 
straps, even moderate tightness might 
cause venous congestion by compres- 
sion of the jugulars. Finally figure 2 
shows an undue amount of pressure 
on the ear lobe, another potential 
problem if the harness is not meticu- 
lously applied. 

A simpler and well established but 
not widely known modification of a 
head harness applicable to both four- 
arm and to the Clausen headstraps 
uses a wooden tongue depressor. 
With the straps of either harness 
gently applied to a correctly fitting 
mask the spatula is inserted trans- 
versely beneath the jaw and tucked 
under the straps, which remain un- 
crossed. This alters the angle of pull 
on the nose more caudad and pre- 
vents the mask for slipping upward. 
Should an edentulous patient have 
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large leaks past his cheeks, this 
method works well if a much larger 
mask is used to enclose the chin as 
well. A single spatula only should be 
used to limit the possible tension of 
the straps and consequent pressure of 
the spatula on the bone. Too great a 
tension causes the spatula to bend or 
break. 

I claim no originality for this tech- 
nique but feel it deserves greater pub- 
licity. 

David E. Jeal, MD 

Department of Anesthesia 

Milton S. Hershey Medical Center 

Pennsylvania State University 

Hershey, Pennsylvania 17033 


Prolonged Neural 
Blockade following 
Regional Analgesia 
with 
2-Chloroprocaine 


To the Editor: 


The editorial and series of articles 
regarding prolonged neurologic defi- 
cit after subarachnoid or epidural 
block with 2-chloroprocaine (Anesth 
Analg, vol 59, June 1980) implicate its 
low pH (3.1 for 2%, 3.3 for 3%)' as a 
possible causative factor. Reference is 
made to the common subarachnoid 
use of this drug in the 1950s, most 
notably by Foldes and associates, who 
performed thousands of blocks with- 
out apparent prolonged effects (per- 
sonal communication). In reconciling 
this apparent contradiction, it is use- 
ful to point out that they were using 
a different preparation of this drug. 
The original 2-chloroprocaine had a 
pH of 4.8^ and was unstable, having 
a short shelf life. The Pennwalt ver- 
sion has been stabilized and, in the 
process, its pH was lowered signifi- 
cantly. This is, we feel, further cir- 
cumstantial evidence that the low pH 
of the new preparation may well be 
one of the factors involved with the 
recent complications with this drug. 


Gregg Friedman, MD 

Cosmo DiFazio, MD 

Department of Anesthesiology 

University of Virginia 
Medical Center 

Charlottesville, Virginia 22908 
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To the Editor: 


The editorial by Covino et al' dis- 
cusses the risks attached to inadvert- 
ent spinal anesthesia with chloropro- 
caine. This editorial publicizes several 
recommendations reached by a con- 
ference which was organized by 
Pennwalt Pharmaceutical Division, 
Pennwalt Corporation, Rochester, 
NY, manufacturer of chloroprocaine 
(Nesacaine). 

The editorial makes no mention of 
some unpublished evidence from our 
laboratory bearing on the irritancy of 
chloroprocaine. This evidence had, 
however, been reported to the Penn- 
walt Corporation by one of us 
(B.R.F.). The studies are still in prog- 
ress, but in view of the misgivings 
voiced in the editorial we feel it is 
desirable to present our initial find- 
ings, which are of concern. Possibly 
the authors of the editorial might have 
taken a more cautious approach to 
the continued use of chloroprocaine 
if they had had the opportunity to 
examine our findings at the confer- 
ence. 

The stimulus for our experiments 
was the occurrence of several unto- 
ward neural complications of inter- 
scalene brachial plexus block in our 
clinic, and a case of cauda equina 
syndrome at another hospital in the 
region following the use of epidural 
anesthesia. In rabbits anesthetized 
with halothane, the cervical vagus 
nerve was exposed by blunt dissec- 
tion but left undisturbed in the ca- 
rotid sheath, lying in a trough formed 
by the anterior cervical fascia and 
muscles. The trough was filled with 
about 3 ml of test solution for a period 
of 1 hour, the solution being replen- 
ished as required to maintain contin- 
uous immersion of the carotid sheath. 
The total volume of solution used per 
animal ranged from 3.5 to 12 ml, with 
a mean of 7 ml. The test solutions, 
each containing epinephrine 1: 
200,000, consisted of 3% chloropro- 
caine (n = 4), 1.5% chloroprocaine 
with 0.375% bupivacaine (n = 3), 


0.75% bupivacaine, 0.5% bupivacaine, 
1% lidocaine, or 2% lidocaine, (each, 
n = 1). Control nerves were exposed 
to a modified basic salts solution 
(Medium 199, Grand Island Biological 
Corporation, Long Island, NY) for 2 
hours (n = 3). 

At the end of the period of expo- 
sure the traction sutures were re- 
moved and the skin wound was 
closed with metal clips. The animals 
were sacrificed 8 or 11 days later. The 
vagus nerve was removed and its abil- 
ity to conduct impulses tested by a 
standard method.” The specimens 
were examined by a neuropathologist 
(S.M.S.) who was unaware of the 
treatment to which the nerves had 
been subjected. 

The control nerves appeared 
slightly swollen but evidenced a nor- 
mal C-fiber action potential. There 
were a few small adhesions outside 
the carotid sheath. Light microscopy 
showed normal neural tissue. 

In the nerves that had been ex- 
posed to 0.5% or 0.75% bupivacaine, 
or to 1% or 2% lidocaine, conduction 
was normal and the nerves mani- 
fested little or no swelling; there were 
no adhesions and light microscopy 
revealed no abnormality. Nerves that 
had been exposed to 0.375% bupiva- 
caine with 1.5% chloroprocaine with 
epinephrine 1:200,000 lay in a sheath 
that presented many adhesions. Two 
of the nerves showed normal conduc- 
tion. In the third, conduction was ab- 
sent. Light microscopy showed mod- 
erate perineural fibrosis. 

The four nerves exposed to 3% 
chloroprocaine with 1:200,000 epi- 
nephrine manifested a severe tissue 
reaction, being encapsulated in adhe- 
sions. Conduction was absent in three 
of the nerves, and was greatly im- 
paired in the fourth. Microscopic ex- 
amination showed moderate to severe 
fibrosis in all four nerves of this group 
and axonal degeneration in one. In 
one additional experiment, 0.5 hour 
of exposure to 2.5 ml of 3% chloro- 
procaine with epinephrine 1:200,000 
resulted 11 days later in marked per- 
ineural fibrosis, loss of conduction, 
and degeneration of some of the ax- 
ons. 

The presence of a fibrous tissue 
reaction around nerves exposed to 
chloroprocaine was associated with 
pinhead-sized  "petechial" hemor- 
rhages that developed in the walls of 


the trough during the period of ex- 
posure. Such petechiae were not seen 
in the other experiments. Because we 
thought the petechiae might be 
caused by the acidity of the chloro- 
procaine solution," in two of the 3% 
chloroprocaine experiments and two 
of the 1.5% chloroprocaine experi- 
ments the solutions were buffered to 
pH 7.0 to 7.2 with sodium bicarbon- 
ate. The presence of the buffer did 
not modify the severity of the pete- 
chial or of the tissue reaction. 

An additional experiment was per- 
formed with a solution consisting of 
0.2% sodium bisulfite and 1:200:000 
epinephrine in normal saline. No pe- 
techiae developed in this experiment 
and the nerve so exposed conducted 
normally and appeared microscopi- 
cally normal at subsequent examina- 
tion. This single control suggests that 
the preservative is not a cause of the 
unfavorable reaction to chloropro- 
caine solutions. 

Although the data are yet too lim- 
ited for firm conclusions they do tend 
to contradict the dictum of the edito- 
rial that "In the final analysis, it is not 
the drug that is important, but what 
is done with it." 

Guided by the above clinical and 
laboratory events and the adage “pri- 
mum non nocere," and weighing the 
harm that might result from inadvert- 
ent subarachnoid puncture against 
the costs of not having chloroprocaine 
available, our department has elected 
to discontinue use of this agent until 
more evidence is obtained concerning 
the nature and likelihood of the risk. 


John E. Barsa, MD 
Manbir Batra, MD 
B. Raymond Fink, MD, FFARCS 
Department of Anesthesiology 
Shuzo M. Sumi, MD 
Departments of Neurology 

and Neuropathology 
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Epidural Test Dose in 
Obstetrics 


To the Editor: 


Reisner et al! state that they " ... 
recommend a test dose of 3 ml with 
careful observation for 3 to 5 min- 
utes." If this procedure is followed as 
described in their case report with a 
needle in the back of a laboring pa- 
tient, who is "anxious and mobile" 
this is both unnecessary and a poten- 
tial cause of dural perforation. 

If an 18-gauge epidural needle is in 
the subarachnoid space, aspiration re- 
veals cerebrospinal fluid. Repeated 
aspiration after the injection of every 
5 ml of local anesthetic provides an 
additional safeguard in case the 
needle point has moved. The test 
dose, on the other hand, only reveals 
the location of the needle 3 to 5 min- 
utes before the main injection is ad- 
ministered. A further difficulty with 
a test dose can be demonstrated with 
the following model. An epidural 
needle is held with its point touching 
the back of a volunteer. An attempt 
is made to stabilize the point of the 


needle by using a vice-like grip and 
by pressing the ulnar border of the 
hand firmly against the back. The 
volunteer is asked to move like a 
patient in labor combining flexion ex- 
tension with lateral rotation and an- 
terior-posterior movement. Repeated 
perforation of the skin occurs. 

The test dose becomes essential 
when using a catheter since it is dif- 
ficult to aspirate cerebrospinal fluid 
or blood due to the catheter's nar- 
rower lumen, greater length, and lia- 
bility to kinking and blockage. The 
safety of injecting through a needle is 
lost and dependence must be on the 
test dose. 

Dawkins! suggests that massive 
spinal anesthesia follow inadvertent 
subarachnoid injection of local anes- 
thetic as frequently as one in 500 
epidurals, even after a test dose. This 
incidence could be attributed to the 
test dose. Since we have stopped us- 
ing the test dose when injecting 
through an epidural needle, more 
than 2000 epidurals for cesarean sec- 
tion on parturients in labor have been 
performed at this institution, largely 
by trainees. We have not experienced 
a subarachnoid injection. 


Robert Hodgkinson, MD* 
Farkhanda J. Husain, MD 
Department of Anesthesiology 
The University of Texas 
Health Science Center 
at San Antonio 
San Antonio, Texas 78284 
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Trends in Intravenous An- 
esthesia, edited by J. E. 
Aldrete and T. H. Stanley, 
Chicago, Year Book Medi- 
cal Publishers, 1980, 525 
pp, $42.95. 


Both the title of this book, Trends 
in Intravenous Anesthesia, and the 
reputation of its editors, Doctors Al- 
drete and Stanley, suggest a major 
contribution in the knowledge base 
concerning the expanding clinical ap- 
plication of intravenous anesthetics 
and efforts in developing and evalu- 
ating new agents. It is, instead, a col- 
lection of talks presented at the First 
International Symposium on Intrave- 
nous Anesthesia, held in 1979 at the 
University of Colorado Medical Cen- 
ter. 

Although some papers do address 
the anticipated topics, almost half 
deal with (1) nonanesthesia-related 
topics, e.g., "Clinical Aspects of Bioa- 
vailability and Biotransformation," 
(2) drugs that are not and will prob- 
ably never be available in this coun- 
try; e.g., "etomidate," "propanidid," 
and "Althesin," and (3) extremely un- 
usual applications of currently avail- 
able drugs, e.g., "Continuous Infusion 
of Ketamine for Thoracic Surgery Us- 
ing One-Lung Ventilation." 

Cohesion in content and continuity 
in literary style are totally lacking. 
"Pharmacokinetics" is defined differ- 
ently in three of the first four chap- 
ters. Many of the papers read like 
poorly edited transcripts of the verbal 
presentation, thus literary style is 
cumbersome and awkward. Para- 
graphs frequently begin with rhetor- 
ical questions, as though the author is 
preparing an audience for his next 
slide. 

Some papers have no bibliography 
and represent only the authors' per- 
sonal recollections and clinical expe- 
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rience. Others present the results of 
current research, published here 
without benefit of referees. One pa- 
per has among its 46 citations, 18 
references to A Synopsis of Anesthe- 
sia, edited by Lee and Atkinson, an 
outline review designed as a quick 
clinical reference and as a primer for 
studying for examinations. 

The book is also intended to serve 
as a “home study textbook program” 
for which 30 hours of category I credit 
for the AMA Physicians Recognition 
Award are obtainable. Thus, each pa- 
per is followed by several questions 
which, for the most part, are without 
teaching value and repeatedly fail to 
relate to meaningful concepts in the 
text. Moreover, the editors have de- 
vised questions that do not fit any of 
the standard forms used by anesthesia 
or general medical testing organiza- 
tion in the United States. 

There are a few well conceived and 
well prepared papers in the book; 
those by Doctors Stanley and Zauder 
deserve special mention. However, 
the overall quality is insufficient to 
justify a recommendation to buy it or 
to repeat my mistake of reading the 
book from cover to cover. 


Stephen Slogoff, MD 
Attending Anesthesiologist 
Texas Heart Institute 
Houston, TX 


The Medical Management 
of the Critically Ill, by G. 
C. Hanson and P. L. 
Wright, New York, Grune 
& Stratton, Inc, 1979, 
1050 pp, $114.50. 


This is a large and expensive text- 
book related to critical care medicine. 
It has been written by 38 British con- 
tributors; among them are four anes- 
thesiologists. The editors stated their 
attempt is to provide readers with a 


complete text on administration and 
on patient management in the inten- 
sive care unit. The book was not in- 
tended to cover management of a spe- 
cialized intensive care unit, but rather 
problems encountered in a general 
hospital. Aspects of pediatric inten- 
sive care have not been covered. 

The book is divided into four parts. 
The first deals with general manage- 
ment of critically ill patients, and it is 
a review of the basic sciences applied 
to critical care. Respiratory care, car- 
diac care, renal and hepatic failure, 
abnormalities in body temperature, 
and metabolic disorders are well cov- 
ered. Some topics are presented more 
extensively than others. There are 
many figures showing volume, pres- 
sure, and flow curves of a number of 
ventilators, but the important topic of 
airway management is not adequately 
covered. There are many useful tables 
and summaries describing a step-by- 
step approach to specific treatment. 

The second part of the book is 
more clinically oriented, dealing with 
management of specific emergencies 
and intensive care problems. The first 
paragraph covering cardiac arrest is 
not consistent with the standards of 
the American Heart Association. Il- 
lustrations of external cardiac mas- 
sage and mouth-to-mouth respiration 
do not correctly describe the tech- 
niques. Cardiopulmonary resuscita- 
tion procedures are presented inade- 
quately and without details, and this 
is one of the major drawbacks of this 
book. Text related to the postarrest 
management of patients does not in- 
clude references to the role and value 
of barbituates in protection of the 
brain. There is also a lack of infor- 
mation on the application of the 
Swan-Ganz catheter in the treatment 
of shock. The treatment of the patient 
suffering from severe trauma and spe- 
cific injuries is very extensively cov- 
ered, but there is not enough infor- 
mation on monitoring of the patient 
with spinal cord injury. No reference 
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is made to spinal shock or hyperre- 
flexia and there is no discussion of 
the postoperative management of the 
neurosurgical patient. 

The management of infection, res- 
piratory failure, and endocrine and 
hematologic problems is very well 
presented. Detection and treatment of 
air embolism, however, should be 
presented in more detail. 

The third part of this book de- 
scribes in great detail ancillary facili- 
ties and their organization in relation 
to the intensive care unit. There are 
well written chapters on radiology 
and nuclear medicine and the practi- 
cal application of these specialties to 
the management of the critical care 
patient. The chapter on drug require- 
ments in the intensive care unit con- 
tains useful tables on doses and tox- 
icity. 

The fourth part of the book deals 
with the application and operation of 
equipment used in intensive care. It 
is intended to be a practical guide in 
the use of monitoring equipment and 
computers. 

In summary, even though this book 
has a number of drawbacks and might 
not be an adequate text for the "in- 
tensivist," it should be a useful addi- 
tion to medical school libraries. 


Maciej F. Babinski, MD 
Associate Professor 
Department of Anesthesiology 
University of Texas 

San Antonio, TX 


Anesthesia for Ortho- 
paedic Surgery, by H. L. 
Zauder, Philadelphia, F. A. 
Davis, 1980, 229 pp, 
$30.00. 


Even though Anesthesia for Or- 
thopedic Surgery represents the views 
and experience of multiple authors 
from many institutions, there is a re- 
markable consistency in style and ap- 
proach to the content. Much of this is 
undoubtedly the result of superb ed- 
iting by Doctor Zauder. The topics 
are chosen to represent the spectrum 
of disease common to patients with 
orthopedic problems, but many of the 
discussions are applicable to anes- 
thetic practice in general. 

Specifically, the sections on "Eval- 
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uation of the Patient with Multiple 
Injuries," "Massive Blood Replace- 
ment," and Doctor Winnie's section 
on "Regional Anesthesia" have wide 
ranging applicability to a variety of 
patients encountered in the operating 
suite. 

The book has few illustrations, 
with the exception of the section "Re- 
gional Anesthesia," where the illus- 
trations are excellent. This is a possi- 
ble detraction since suitable illustra- 
tions can serve to stimulate a reader's 
interest; however, this is more than 
compensated for by the excellent ref- 
erences in nearly all sections. Most 
notable is Doctor Stehling's 224 ref- 
erences dealing with patients with 
fractured hips. This section is more 
than a review of patients having hip 
surgery; for all practical purposes it is 
a review of problems associated with 
all forms of geriatric anesthesia. 

In some ways it is unfortunate that 
the title of this book indicates that it 
is limited to orthopedics. I feel this 
could prevent some individuals from 
reading what is an excellent review of 
patient management. That is not to 
say that specific areas of concern in 
the orthopedic population are skirted. 
Traction, methylmethacrolate, pedi- 
atric orthopedics, and joint replace- 
ment problems are all very well cov- 
ered. This book should be required 
reading, especially for anesthesia res- 
idents and for practitioners looking 
for current information in a variety of 
areas and should not be limited just 
to "trainees" on an orthopedic rota- 
tion. The content goes far beyond 
that. 

D. David Glass, MD 

Associate Professor of Surgery 
(Anesthesiology) 

Director, Critical Care Service 

Dartmouth-Hitchcock 
Medical Center 

Hanover, NH 


BOOK NOTE 
SAL ARTE PRES SA 


International Anesthesiol- 
ogy Clinics—Anesthetic 
Considerations for Pedi- 
atric Cardiac Surgery, Vol 
18, No 1, edited by P. A. 


ANESTHESIA AND ANALGESIA 
Vol 59, No 10, October 1980 


Radnay, Boston, Little, 
Brown & Co, 1980, 240 
pp, $11.50. 


After a brief historical chapter, this 
volume of the International Anesthe- 
siology Clinic covers the pre-, intra-, 
and postoperative physiologic and 
anesthetic management of pediatric 
cardiac surgery. Cardiac catheteriza- 
tion is also covered in some detail and 
specific anesthetic techniques as well 
as techniques of catheterization, in- 
terpretation of data, and complica- 
tions of the procedure are presented. 

Anesthetic management for the op- 
erative period is divided into those 
procedures that require cardiopul- 
monary bypass and those that do not. 
Each section covers physiologic con- 
siderations, monitoring, and anes- 
thetic management. Separate chapters 
deal with the bypass equipment, hy- 
pothermia, arrhythmias, and their 
management. 

Postoperative management is dis- 
cussed in terms of circulatory and 
ventilatory support and postoperative 
complications. 


BOOKS RECEIVED 
BENRA EEEE o E R n 


Pulmonary Restriction and Obstruction: 
A Programmed Text, by P. R. Hercules, E. 
J. Lekwart, and M. V. Fenton, Chicago, 
Year Book Medical Publishers, 1979, 360 
pp, $19.95. 


Newborn Respiratory Care, by M. D. 
Lough, T. J. Williams, and J. E. Rawson, 
Chicago, Year Book Medical Publishers, 
1979, 350 pp, $20.00. 


Obstetric Analgesia and Anesthesia, ed- 
ited by G. F. Marx and G. M. Bassell, New 
York, Elsevier/North-Holland Biomedical 
Press, 1980, 415 pp, $75.50. 


Clinical Application of Respiratory Care, 
by B. A. Shapiro, R. A. Harrison, and C. 
A. Trout. Chicago, Year Book Medical 
Publishers, 1979, 578 pp, $19.50. 


Hospital Electrical Safety Simplified, by 
R. B. Spooner, Research Triangle Park, 
NC, Instrument Society of America, 1980, 
144 pp, $7.95. 
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A Guide for Authors 





Manuscripts should be sent to: 
Nicholas M. Greene, M.D. 
Editor in Chief 
Anesthesia and Analgesia 
Yale University School of Medicine 
333 Cedar Street 
New Haven, Connecticut 06510 


Editorial Policies 


Manuscripts are accepted for consideration with the understand- 
ing that the material they present, including tables, figures, and 
data therein, has not been previously published and is not presently 
under consideration for publication elsewhere. Authors will be 
asked to transfer copyright of articles accepted for publication to 
the International Anesthesia Research Society. 

Types of materials. The Journal publishes original articles, clin- 
ical reports, review articles, and letters to the editor. Original 
articles describe in 3000 words or less clinical or laboratory inves- 
tigations. Clinical reports describe in 1000 words or less either (a) 
new and instructive case reports, or (b) anesthetic techniques or 
equipment of demonstrable originality, usefulness, and safety. 
Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material for the establishment of new con- 
cepts. Letters to the editor, less than 300 words in length, include 
brief constructive comments concerning previously published ar- 
ticles or brief notations of general interest. Preliminary or incom- 
plete reports are not accepted, nor are manuscripts containing 
fragments of material better incorporated into a single paper. 

Peer review. All papers are reviewed by three or more referees. 
Acceptance is based upon significance, originality, and validity of 
the material presented. Every effort will be made to advise authors 
within 4 weeks whether papers are accepted, rejected, or need 
revision prior to further consideration for possible publication. 

Legal and ethical considerations. Information or illustrations 
must not permit identification of patients. Reports describing data 
obtained from experiments performed in humans must contain a 
statement in the Methods that institutional approval of the inves- 
tigation and informed consent were obtained. Reports describing 
data obtained from experiments performed in animals must clearly 
indicate that humane standards equal to those described by the 
American Physiological Society were employed. 

Illustrations and other materials taken from other sources must 
be properly credited and assurance provided that permission for 
reproduction has been obtained from the copyright owner and 
author. 

Editing. All papers will be edited for clarity, style, factual accu- 
racy, internal logic, and grammar. Papers extensively copy edited 
will be returned to the author(s) for retyping. Editing will include 
the addition, following the Abstract, of key words for indexing 
purposes. 


Manuscripts 


Manuscripts must be prepared and submitted in the manner 
described in "Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals” as described in Annals of Internal Medicine 
1979; 90: 95-9, and Lancet 1979; 1: 428-30. 

Type manuscripts on white bond paper, 20.3 by 26.7 cm or 21.6 
by 27.9 cm (8 by 104 in or 81 by 11 in) or ISO A4 (212 by 297 mm) 
with margins of at least 2.5 cm (1 in). Use double spacing through- 
out, including title page, abstract, text, acknowledgments, refer- 
ences, tables, and legends for illustrations. 

Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 


(each table, complete with title and footnotes, on a separate page), 
and legends. Number pages consecutively, beginning with the title 
page. Type the page number in the upper right-hand corner of each 
page. 

Illustrations must be good quality, unmounted glossy prints, 
usually 12.7 by 17.3 cm (5 by 7 in), but no larger than 20.3 by 25.4 
cm (8 by 10 in). 

Submit three copies of manuscript and figures in heavy-paper 
envelope. Submitted manuscript should be accompanied by cov- 
ering letter, and permissions to reproduce previously published 
materials or to use illustrations that may identify subjects. 

Authors should keep copies of everything submitted. 

Title Page. The title page should contain [1] the title of the 
article, which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters and 
spaces) placed at the foot of the title page and identified; [3] first 
name, middle initial, and last name of each author, with highest 
academic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence about 
the manuscript; [7] name and address of author to whom requests 
for reprints should be addressed, or statement that reprints will not 
be available from the author; [8] the source(s) of support in the 
form of grants, equipment, drugs, or all of these. 

Abstract and Key Words. The second page should carry an 
abstract of not more than 150 words. The abstract should state the 
purposes of the study or investigation, basic procedures (study 
subjects or experimental animals and observational and analytic 
methods), main findings (give specific data and their statistical 
significance, if possible), and the principal conclusions. Emphasize 
new and important aspects of the study or observations. Define all 
abbreviations except those approved by the International System 
of Units. 

Key (indexing) terms. Below the abstract, provide and identify as 
such, three to 10 key words or short phrases that will assist indexers 
in cross-indexing your article and that may be published with the 
abstract. 

Text. The text of observational and experimental articles is 
usually—but not necessarily—divided into sections with the head- 
ings Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Case reports and 
reviews do not require the above sections. 

Introduction. Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly perti- 
nent references, and do not review the subject extensively. 

Methods. Describe your selection of the observational or exper- 
imental subjects (patients or experimental animals, including con- 
trols) clearly. Identify the methods, apparatus (manufacturer's 
name and address in parentheses), and procedures in sufficient 
detail to allow other workers to reproduce the results. Give refer- 
ences to established methods, including statistical methods; provide 
references and brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. 

When reporting experiments on human subjects, indicate 
whether the procedures followed were in accord with the ethical 
standards of the Committee on Human Experimentation of the 
institution in which the experiments were done or in accord with 
the Helsinki Declaration of 1975. When reporting experiments on 
animal subjects, indicate whether the institution's or the National 
Research Council's guide for the care and use of laboratory animals 
was followed. Identify precisely all drugs and chemicals used, 
including generic name(s), dosage(s), and route(s) of administration. 
Do not use patients' names, initials, or hospital numbers. 


ac 


Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suitably 
presented in the form of one or more appendixes. 

Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

Discussion. Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the study but avoid unqualified statements and conclu- 
sions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 
Recommendations, when appropriate, may be included. 

References. (The following style will appear in the journal 
effective volume 60, January 1981.) Number references consecu- 
tively in the order in which they are first mentioned in the text. 
Identify references in text, tables, and legends by arabic numerals 
(in parentheses). References cited only in tables or in legends to 
figures should be numbered in accordance with a sequence estab- 
lished by the first identification in the text of the particular table or 
illustration. 

Use the form of references adopted by the U.S. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
style used in Index Medicus. Consult the “List of Journals Indexed,” 
printed annually in the January issue of Index Medicus. 

Avoid abstracts as references; “unpublished observations” and 
“personal communications” may not be used as references, al- 
though references to written, not verbal, communications may be 
inserted (in parentheses) in the text. Include among the references 
manuscripts accepted but not yet published; designate the journal 
followed by "in press" (in parentheses). Information from manu- 
scripts submitted but not yet accepted should be cited in the text 
as "unpublished observations" (in parentheses). 

References must be verified by the author(s) against the original 
documents. 

Examples of correct forms: 


Journal 


1. Standard Journal Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 


Soter NA, Wasserman SI, Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold challenge. N Engl J Med 1976;294:687-90. 

2. Corporate Author 


The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determination of gamma-glutamyltransferase in blood. Scand J Clin Lab 
Invest 1976;36:119-25. 


Anonymous. Epidemiology for primary health care. Int J Epidemiol 
1976;5:224-5. 
Books and Other Monographs 


3. Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 

4. Corporate Author 
American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 

5. Editor, Compiler, Chairman as Author 
Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 

6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 


ganisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 
National Center for Health Statistics. Acute conditions: incidence and 
associated disability, United States July 1968-June 1969. Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital and health statistics. 
Series 10: Data from the National Health Survey, no. 69) (DHEW 
publication no. (HSM)72-1036). 


Tables. Type each table on a separate sheet; remember to double 
space. Do not submit tables as photographs. Number tables con- 
secutively and supply a brief title for each. Give each column a 
short or abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
symbols in this sequence: *, t, t, 8, ||, f, #, **, Tt... . Identify 
statistical measures of variation such as SD and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such table for consideration with the manuscript. 

Illustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenograms, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12.7 by 17.3 cm (5 by 7 in) but 
no larger than 20.3 by 25.4. cm (8 by 10 in). Letters, numbers, and 
symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, ex- 
cept for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, send 
two positive color prints to assist editors in making recommenda- 
tions. Some journals publish illustrations in color only if the author 
pays for the extra cost. 

Legends for Illustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 

Abbreviations. Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, length, time, temperature, electric current, and luminous 
intensity. Do not synthesize new or unusual abbreviations. When 
many abbreviations are used, include all in a box of definitions at 
the start of the article. 
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FULLY ACCREDITED 
WEST VIRGINIA UNIVERSITY ANAESTHESIA RESIDENCY 
One new faculty position available in twenty PROGRAM 
PGY-1,2, 3 & 4 


member, all physician Department. Very ac- 
tive teaching program for medical students 


and residents requires candidate to be dedi- UNIVERSITY of MASSACHUSETTS 
cated in this area. Positions for residency pro- MEDICAL CENTER 
ram highly sought after, resulting in an out- ar 
dine nl d housestaff en from a Applications are now being accepted for 
i eo SR Anaesthesia Residencies, (PGY-1, 2, 3 & 4) 
wide distribution of American medical col- in the Department of Anaesthesia, Univer- 
leges. Extremely competitive salary and bene- sity of Massachusetts Medical Center, 
fits, nonclinical time, and well equipped Anes- Worcester, Massachusetts. For further in- 
thesiology Research Laboratory. Medical Cen- formation, please contact: 
ter located in university town in lovely area of Michael Stanton-Hicks, M.B.B.S. 
mountains, lakes and parks. Program Director of Residency Program 
Professor and Chairman 
Contact Richard B. Knapp, M.D., Department Department of Anaesthesia 
of Anesthesiology, West Virginia University University of Massachusetts Medical Center 


Worcester, MA 01605 


An Affirmative Action/Equal Opportunity Employer 


Medical Center, Morgantown, WV 26506. 

(304-293-5411). Deadline for applications is 

12/1/80. 
An Equal Opportunity Employer University of 

Massachusetts 

Medical Center 





19^ ANNUAL 
CLINICAL CONFERENCE 


Immediate openings for board eligible or cer- IN 

tified Anesthesiologists to join this large met- PEDIATRIC ANESTHESIOLOGY 
ropolitan area hospital with approved resi- 
dency program. Duties include supervision of 
residents, nurse anesthetists, and personal ad- 
ministration of anesthesia. Competitive salary 
and excellent fringe benefits. 


Send curriculum Vitae to or call: To be held at the: 
Dr. G. K. S. Chowdary a 
Los Angeles Marriott Hotel 


Acting chairman, 
Department of Anesthesiology 


JANUARY 23-25, 1981 


For information write to: 


COOK COUNTY Wayne Herbert, M.D. 
h Division of Anesthesiology 
HOSPITAL Childrens Hospital of Los Angeles 
1825 W. Harrison St., Chicago, Illinois 60612 P.O. Box 94700 


312-633-6167 Los Angeles, CA 90054 


An Equal Opportunity Employer M/F/H 
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PEDIATRIC 


ANESTHESIA 


APPROVED POST GRADUATE 
YEAR 4 RESIDENCY 


at 
CHILDREN’S HOSPITAL OF AKRON 
AKRON, OHIO 


Clinical, Investigative, Cardiology, 


Neonatology, and Respiratory 
Therapy. 


Direct inquires to: 
D. S. Nelson, M.D. 
Children’s Hospital of Akron 
281 Locust Street 
Akron, Ohio 44308 
Phone: 216-379-8200 


EE E 


Coming Hn. nex... 


LA.R.S. 1980 
REVIEW COURSE 
LECTURES AND 
ABSTRACTS OF 

SCIENTIFIC PAPERS 


Booklet containing 16 Review 
Course Lectures and Abstracts 
of 62 scientific papers given at 
the I.A.R.S. 54th Congress in 
March 1980 is available from 
[. A.R.S. Cleveland business 
office at $5.00 per copy. 
Supply is limited and orders 
will be filled on basis of 
receipt date of order. Make 
checks payable to 
International Anesthesia 
Research Society and send 
with order. 


I. A.R.5S. - 54th Congress 


MGM GRAND HOTEL 


* 


RENO, NEVADA 


March 9-13, 1980 
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PEDIATRIC ANESTHESIOLOGY RESI- 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B. Lewis, Jr., MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 


Immediate opening for Director of Anes- 
thesiology and staff Anesthesiologist in 
medium-size general hospital in pleasant 
southern New England setting. Must be 
Board certified or within examination sys- 
tem. Approximately 5,000 general surgical 
procedures per year. Salary open, plus 
substantial hospital paid fringe benefit 
program. Submit curriculum vitae to Di- 
rector of Personnel, William W. Backus 
Hospital, 326 Washington St., Norwich, 
CT 06360. 


The University of Alabama in Birming- 
ham (UAB) School of Medicine Depart- 
ment of Anesthesia has two positions in 
laboratory research. Research opportuni- 
ties exist in active programs of cardiovas- 
cular pharmacology and physiology. For 
foreign medical graduates, VOE/ECFMG 
is desirable but not necessary. The salary 
is commensurate with level of training and 
experience. Send letters of inquiry and 
curriculum vitae to: J. G. Reeves, M.D., 
Department of Anesthesiology, UAB 
Medical Center, Birmingham, Alabama 
35294. UAB is an Affirmative Action/ 
Equal Opportunity employer. 


ANESTHESIOLOGIST 

to join group in OB-GYN hospital— 
Brown Affiliated. Fringe benefits, salary 
commensurate with experience. Contact 
Herbert Ebner, M.D., Chief of Anesthesia, 
Woman & Infants Hospital, Providence, 
R. I. 02908, (401) 274-1100, Ext. 430. 


classified 
ADVERTISING 


ANESTHESIOLOGIST(S) 


Board certified, with 15 years of extensive 
clinical experience, looking for positions 
in Chicago or Chicago Metropolitan Area. 
Prefers fee for service. Available on 15-30 
days notice. CV on request. Reply to Box 
#8-80-B, c/o IARS. 


ILLINOIS 


Anesthesiologist wanted to join private 
group of MD’s and CRNA’s in 390 bed 
community hospital with all specialties ex- 
cept open heart. Send curriculum vitae to: 
Bos 9-80-A % IARS. 


ANESTHESIOLOGIST 


Needed Now! Boards—Group Practice— 
Fee/Service Full time—Phoenix, Arizona 
Area. Please send CV to Box 2-80-A, c/o 
[ARS. 


CONGENIAL, RELIABLE BOARD ELI- 
GIBLE ANESTHESIOLOGIST WITH 
LONG 


experience and recent PGY 4 seeks lucra- 
tive, Fee For Service situation with mini- 
mal night work. Excellent References. For 


C.V. Reply to Box 10-80-B, c/o IARS. 


ANESTHESIOLOGIST — 


Board Certified or eligible to join large 
group of fee for service anesthesiologists. 
Single hospital, 900 beds, all types of an- 
esthesia except OB. Prefer recent graduate 
of American school. Send C.V. to Box 10- 
80-A, c/o IARS. 


OBSTETRIC ANESTHESIA: 


Approved one-year specialty training at 
high-risk obstetrical unit—3,000 deliveries 
per year. Ample opportunity for clinical 
experience, teaching, clinical and animal 
research using chronic maternal-fetal 
sheep preparation. Available Immediately. 
Contact: John B. Craft, Jr., M.D., Director, 
OB Anesthesia, George Washington Uni- 
versity Hospital, 901 23rd St. N.W., Wash- 
ington, D. C. 20052—(202) 676-3864. An 
Equal Opportunity, Affirmative "Action 
Employer. 


OHIO— 


Anesthesiologist to share coverage, semi 
rural community hospital. Fee for service. 
[Independent practice. No OB except C- 
Section. 15 min. and 30 min. from two 
large cities. About 70 cases per month. 
Call (216) 334-1097 evenings, or (216) 334- 
1504 days. 


ANESTHESIOLOGIST: 


Board certified anesthesiologist needed for 
Kern Medical Center, a teaching hospital 
affiliated with UCLA. Located In Bakers- 
field, California, in the San Joaquin Valley 
north of Los Angeles. Applicants must 
have or be eligible for California license. 
Incumbent eligible for faculty appoint- 
ment, UCLA Department of Anesthesiol- 
ogy. Salary and fringe benefits competi- 
tive. Direct inquiries and curriculum vitae 
to Charles R. Blackwell, M.D., Chairman, 
Department of Anesthesiology, Kern 
Medical Center, 1830 Flower Street, Bak- 
ersfield, CA 93305; or telephone collect 
(805) 323-7651, Ext. 368, 369. 


ANESTHESIOLOGIST 


Interested in teaching career in a large, 
rapidly expanding University Program. 
Opportunity available as Director of Pain 
Clinic, as well as positions in Pediatric, 
Obstetrical, Neurosurgical and Cardiac 
Anesthesia. Teaching experience desirable 
but not mandatory, especially in regional 
anesthesia. Competitive salaries and fringe 
benefits. Address inquiries, including cur- 
riculum vitae, to: Alon P. Winnie, M.D., 
Chairman, Department of Anesthesiology, 
University of Illinois Hospital, 840 S. 
Wood St., Chicago, IL. 60612. The Uni- 
versity of Illinois is an equal opportunity/ 
affirmative action employer. 
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Rates for classified advertising: $3.00 
per line, minimum 5 lines; box number 
ads $3.50 per line. Classified display rates 
on request. Copy deadline 6 weeks prior 
to publication. Do not submit payment 
with order; invoices will be sent for pay- 
ment prior to publication. Ad copy, subject 
to acceptance by publisher, should be 
mailed to: Anesthesia and Analgesia, 3645 
Warrensville Center Rd., Cleveland, OH 
44122. 
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The AO’ 
Flexible 
Laryngoscope. 


For difficult intubations 
and ICU inspections. 










The AO Flexible Laryngoscope facilitates difficult 
intubations, minimizes trauma and aides proper 
tube placement. 





e illuminates internal anatomy. 

e Gives direct, clear view of path. 

e Remote control guides tip around 
obstructions. 

e Withdraws easily when tube is in place. 

e Bright, built-in light source, completely 
portable. 

e For both nasal and oral introduction. 


For complete details contact American Optical, 
Scientific Instrument Division, Southbridge, 
MA 01550 or phone (617) 765-9711, Ext. 2445. 


AO 


American 
Optical 





Jnround Is Better. 


he unround Offset and Offset Dx ECG monitoring electrode... 
specially created to solve problems. 


iround for secure, 
restricted electrode 
icement. 

e unique elliptical design 
Offset electrodes permits 
icement on almost any body 
» and ensures conformation 
2ody contours. The special 
at activated adhesive resists 
ntact loss due to perspiration 
ven when used on diaphoretic 
tients) and loosening action 
used by prep solutions. 





ffset Dx...all the benefits 
Offset ECG monitoring 
ectrodes...Plus 


naller in size, maximizing site 
acement flexibility 

ore "aggressive" adhesive, 
iportant with problem patients 
id procedures 

iitable for diaphoretic patients, 
ress test and Holter Moni- 
ring™** procedures 


anufactured under US. patent 3,97 7392 
rademark of DelMar Avionics 


Unround to reduce motion 
artifact and ensure base-line 
stability. 

The Medi-Trace® Offset elec- 
trode separates the snap from 
the gel column, connecting 
them with a silver/silver chloride 
conductor. The result? Little or 
no movement of the gel column, 
producing a superior trace that 
virtually eliminates motion 
artifact. Since the snap is over 
the adhesive, leadwire induced 
artifact and loose electrodes 
caused by leadwire tugging 

are virtually eliminated. 


Unround Offset and Offset 
Dx...part of a total ECG 
monitoring system. 
Packaged for your con- 
venience, Offset electrodes are 
available in singles, 3’s and 
25's. Offset Dx electrodes come 
in singles, 5's and 25's. A multi- 
ple layer foil package maintains 
a clean product that is virtually 
impervious to moisture/ vapor 
transmission. 


Offset and Offset Dx are part 
of our total ECG monitoring 
system that includes a com- 
plete line of cables, leadwires, 
recording charts and patient 
record forms. 


Unround, the result of 

new technology in ECG 
monitoring electrodes.* 
Advanced technology assures 
unprecedented conductivity 
and an end to trace deterio- 
ration problems. Specially 
formulated gel prevents pre- 
mature dry-out and provides 
low impedance for a strong, 
reliable trace. In actual 
defibrillation tests, Offset elec- 
trode trace recovery occurred 
in less than one second! 


Uninterrupted ECG monitoring 
is virtually assured. 





Unround to result in 

a superior trace. 

The soft, flexible gel ring 
maintains a stable gel column, 
even during patient and/or 
leadwire movement. Motion arti- 
fact is greatly reduced. Further, 
the specially formulated low 
impedance gel ensures base- 
line stability and minimizes 
patient skin irritations. The 
result? A rapid, strong, clear 
trace that's trouble free. 
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We've just 
improved your 
esophageal 













stethoscope... 


Digital display 
for at-a-glance 
convenience 








we've added temperature 


National Catheters esophageal stethoscope lets you monitor heart and 
respiratory sounds and now core temperature with one intubation. 
Temperature probe wires embedded in separate lumens can't interfere with 
sound transmission. Unique design gives you positive connections. 
Economical thermocouple design for truly affordable single use. 


The hi-lo” temperature monitor has an easy-to-read digital display—no 
squinting at tiny numbers on a meter. The monitor does not need any "red- 
line" adjustment or calibration prior to each use. Ordinary D-cell batteries 
give you accurate readings for over 6 months of normal usage without 
recharging; a waming signal tells you when they need replacing. 


For more information about the esophageal stethoscope and hi-lo® 
temperature monitor, get in touch with your National Catheter representative. 
If you use an esophageal stethoscope at all, you might as well get all the 
information it can give you. 























See product information prior to use. 
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EMERS ON 
IM VI Ventilator 


A MAJOR ADVANTAGE 


of Emerson ventilators is the 
sine-wave pressure curve 
produced by the Emerson piston. 





Inspiratory flow starts slowly, 
increases to maximum at mid-breath, 
and slows down again to a 
kind of plateau at the end. 


This flow pattern closely copies 
normal breathing, and (compared 
with a square wave) tends to distribute 
gas better in the lungs.* 
It probably accounts for the 
frequently-observed ability of 
Emersons to ventilate difficult 
patients at lower pressure levels. 


Exhalation is exceptionally free. 
Thus, the positive phase is not pro- 
longed needlessly, and impact on the 
cardiovascular system is minimized. 





The lower mean intrathoracic pressure, that results 
from this sine-wave pattern and easy exhalation, is a 
circulatory benefit of outstanding clinical importance. 


The simple, direct construction results in unique reliability. 
Emersons are known to operate for long periods 
without down-time or costly overhauls, a matter 
of significance for cost-effectiveness as well as 
for patient safety. 


With characteristics that ensure ventilatory capacity and 
a minimum of circulatory interference, your Emerson 
can be called on to treat severely difficult cases. It can 
provide important benefits in routine cases as well. 


*Sullivan, Saklad and Demers: "Ventilator Waveform and Gas Distribution" RESPIRATORY CARE 22:4:393. 


J. H. EMERSON COMPANY 


CAMBRIDGE. MASSACHUSETTS 02140 
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An important 
new preanesthetic medication 


New ATIVAN LORAZEPAM) © 
INJECTION IM oV 


See important information on last page. 





Ativan (lorazepam) Injection . 
satisties important criteria for 
successful premedication 


As confirmed in 


multicenter studies involving 


2631 patients 


Leavesthe patient sedated, 

yet cooperative 

In contrast to older preanesthetic medication, the majority of 
patients premedicated with Ativan Injection, though 
clinically sedated, are able to respond to simple instructions, 
whether they give the appearance of being awake or asleep. ’ 


Allays preoperative apprehension 

Ativan Injection significantly reduces the level of 
preoperative anxiety. ^^ It is especially useful in patients who 
suffer anticipatory anxiety and those who would prefer not 
to remember their surgical experience. 


Copyright © 1980, Wyeth Laboratories. All rights reserved. 


PERCENT FAILURE TO RECALL 


Blocks or diminishes recall 

for 6-8 hours after a single injection 

The majority of patients premedicated with Ativan Injection 
have dithculty remembering perisurgical events. This lack 
of recall is relative, rather than absolute, as determined under 
conditions of careful patient questioning and testing, using 
“memory cards” designed to enhance recall. +5 

90 Percentage incidence of patients who could not 


recall memory cards, operating room or recovery 
room after 4 mg lorazepam IV‘ 
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Rated “highly acceptable" by most patients 
The effect produced by Ativan Injection is rated as "highly 
acceptable" by a majority of patients. When questioned after 
their operation, virtually all indicated they would wish to 
receive Ativan Injection again for any future surgery. ! 


Effective IM and IV Wyeth Laboratories 
Philadelphia, PA 19101 
"Lorazepam may also fill the pressing need for a Ad 


benzodiazepine with prompt and reliable clinical action when TM 
given by wtramuscular injection? ^" And, in contrast to 

diazepam, the metabolism of Ativan is simple and does not 

involve long-acting metabolites. 


Vital signs—essentially normal 


In most patients, Ativan Injection has only minimal effects on 
blood pressure, pulse and respiratory rate. Hypertension 
(0.195) and hypotension (0.196) have been reported v ery rarely. 


Little if any IV irritation 


In contrast to the thrombophlebitis frequently seen with 
older premedication, Ativan Injection when properly diluted 
has only minimal irritative or injurious effects on the veins. ’ 
A painful response to I V injection was noted in 13 of 771 
patients (1.676), of whom 4 (0.5%) still complained of pain 

24 hrs later.’ 


Can be used with most anesthetic agents 


Ativan Injection can be used with atropine sulfate, narcotic 
analgesics, other parenterally used analgesics, commonly 
used anesthetics and muscle relaxants. Concomitant use with 
scopolamine is not advisable, since it may lead to increased 
sedation, hallucinations and irrational behavior. 


*emphasis added 


Ativan Injection is available 

in TUBEX® sterile cartridge-needle 
units for single use 

and in multiple-dose vials. 


References: 

1. Data on file, Wyeth Laboratories. 

2. Simpson PJ, Eltringham RJ: to be published. 

3. Conner JT, Parson N, Katz RL, et al: Clin Pharmacol Ther /9:24-29, 1976. 
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5. Heisterkamp DV, Cohen PJ: Br J Anaesth 47:79-81, 1975. 

6. Greenblatt DJ, Shader RI: N Engl J Med 299:1342-1344, 1978. 

7. Graham CW, Pagano RR, Conner JT: Anaesthesia . 33:188- 191, 1978. 


‘To arrange a showing of the film “Preoperative Medication 
and the Role of ATIVAN® (lorazepam) Injection,” call or write 
Wyeth or your Wyeth representative. 
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An important new preanesthetic medication 





ATIVAN. (LORAZEPAM) € 


INJECTION M orlV 


DESCRIPTION: Ativan® (lorazepam) Injection, a benzodiazepine with antianxiety and sedative effects, is intended 
for IM or IV use. It has the chemical formula 7-chloro-5-(o-chlorophenyl)-1,3-dihydro-3-hydroxy-2H-1,4-benzo- 
diazepin-2-one. 

Lorazepam is a nearly white powder almost insoluble in water. Each ml of sterile injection contains either 2.0 or 
4.0 mg lorazepam, 0.18 ml polyethylene glycol 400 in propylene glycol with 2.0% benzyl alcohol as preservative. 


CLINICAL PHARMACOLOGY: IV or IM administration of recommended dose of 2-4 mg lorazepam injection to 
adult patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief of preoperative anxi- 
ety and lack of recall of events related to day of surgery in most patients. The clinical sedation (sleepiness or 
drowsiness) thus noted is such that most patients are able to respond to simple instructions whether they give 
appearance of being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
tions of careful patient questioning and testing, using props designed to enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events, or recognizing props from before surgery. Lack 
of recall and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

Intended effects of recommended adult dose of lorazepam injection usually last 6-8 hours. In rare instances and 
where patients received greater than recommended dose, excessive sleepiness and prolonged lack of recall were 
noted. As with other benzodiazepines, unsteadiness, enhanced sensitivity to CNS depressant effects of ethyl alco- 
hol and other drugs were noted in isolated and rare cases for greater than 24 hours. 

Studies in healthy adult volunteers reveal that IV lorazepam in doses up to 3.5 mg/70 kg does not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does not enhance respiratory depressant effects of doses 
of meperidine up to 100 mg/70 kg (also determined by carbon dioxide challenge) as long as patients remain suffi- 
ciently awake to undergo testing. Upper airway obstruction was observed in rare instances where the patient 
received greater than recommended dose, and'was excessively sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS.) 

Clinically employed doses of lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion or employing a 70 degree tilt test. Doses of 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage) will produce loss of lid reflexes within 15 minutes. 

Studies in six (6) healthy young adults who received lorazepam injection and no other drugs revealed that visual 
tracking (the ability to keep a moving line centered) was impaired for a mean of eight (8) hours following 4 mg IM 
lorazepam and four (4) hours following 2 mg IMwith considerable subject variation. Similar findings were noted 
with pentobarbital 150 and 75 mg. Although this study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination, data are insufficient to predict when it would be safe to operate a motor vehicle or engage in 
hazardous occupation or sport. 

INDICATIONS AND USAGE: In adults —for preanesthetic medication, producing sedation (sleepiness or drowsi- 
ness). relief of anxiety, and decreased ability tc recall events related to day of surgery. Most useful in patients anx- 
ious about surgical procedure who prefer diminished recall of events of day of surgery. 

CONTRAINDICATIONS: Known sensitivity tc benzodiazepines or vehicle (polyethylene glycol, propylene glycol, 
and benzyl alcohol) or acute narrow angle glaucoma. Intra-arterial injection is contraindicated because, as with 
other injectable benzodiazepines, inadvertent intra-arterial injection may produce arteriospasm resulting in gan- 
grene which may require amputation. (See Warnings) 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
(SEE DOSAGE AND ADMINISTRATION). IV INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION. 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ARTERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM, 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED DOSE AND ACCOMPANIED BY 
OTHER DRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION; THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE. 


No evidence now supports lorazepam injection in coma, shock or acute alcohol intoxication. Since the liver is the 
most likely site of conjugation and since excretion of conjugated lorazepam (glucuronide), is renal, lorazepam is not 
recommended in hepatic and/or renal failure. This does not preclude its use in patients with mild to moderate hepa- 
tic or renal disease. When injectable lorazepam is used in mild to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged. Experience with other benzodiazepines and limited expe- 
rience with parenteral lorazepam demonstrated that tolerance to concomitant alcohol and other CNS depressants 
is diminished. As with similar CNS-acting drugs. patients receiving injectable lorazepam should not operate 
machinery or motor vehicles or engage in hazardous occupations for 24 to 48 hours. Impairment of performance 
may persist for greater intervals because of extremes of age, other concomitant drugs, stress of surgery or general 
condition of patient. Clinical trials showed patients over 50 may have more profound and prolonged sedation with 
IV use. Ordinarily an initial dose of 2 mg may be adequate, unless greater degree of lack of recall is desired. As with 
all CNS depressants, exercise care in patients given injectable lorazepam since premature ambulation may result 
in injury from falling. There is no added beneficial effect from adding scopolamine to injectable lorazepam; their 
combined effect may result in increased incidence of sedation, hallucination and irrational behavior. 

Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. Increased risk of congenital 
malformations with use of minor tranquilizers (chlordiazepoxide, diazepam, meprobamate) during first trimester of 
pregnancy was suggested in several studies. In humans, blood levels from umbilical cord blood indicate placental 
transfer of lorazepam and its glucuronide. Lorazepam injection should not be used during pregnancy because of 
insufficient data on obstetrical safety, including its use in cesarean section. Reproductive studies performed in 
mice, rats, and two strains of rabbits showed occasional anomalies (reduction of tarsals, tibia, metatarsals, malro- 
tated limbs, gastroschisis, malformed skull anc microphthalmia) in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in concurrent control group, they have been reported to 
occur randomly in historical controls. At doses of 40 mg/kg p.o. or 4 mg/kg IV and higher, there was evidence of 
fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 

Endoscopic Procedures: There are insufficient data to support lorazepam injection for outpatient endoscopic 
procedures. Inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal reflexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures, therefore adequate topical 
or regional anesthesia is recommended to minimize reflex activity associated with such procedures 


PRECAUTIONS: General: Bear in mind additive CNS effects of other drugs, e.g. phenothiazines, narcotic analge- 
sics, barbiturates, antidepressants, scopolamine and MAO inhibitors when these drugs are used concomitantly 
with or during period of recovery from lorazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS.) Use 
extreme care in giving lorazepam injection to elderly or very ill patients, or those with limited pulmonary reserve, 
because of possible underventilation and/or hypoxic cardiac arrest. Resuscitative equipment for ventilatory sup- 
port should be readily available. (See WARNINGS and DOSAGE and ADMINISTRATION.) When lorazepam is used IV 
as premedicant prior to regional or local anesthesia, excessive sleepiness or drowsiness may possibly interfere 
with patient cooperation to determine anesthesia levels. This is most likely when more than 0.05 mg/kg is given 
and narcotic analgesics are used concomitantly with the recommended dose. (See ADVERSE REACTIONS.) 


information for Patients: As appropriate, inform patients of pharmacological effects, e.g. sedation, relief of 
anxiety and lack of recall, and duration of theseeffects (about 8 hours), so they may adequately perceive risks as 
well as benefits from its use. Caution patients who receive lorazepam injection as premedicant that driving auto- 
mobiles or operating hazardous machinery, or engaging in hazardous sports should be delayed for 24 to 48 hours 
after injection. Sedatives, tranquilizers, and narcotic analgesics given with injectable lorazepam may produce 
more prolonged and profound effect, taking the form of excessive sleepiness or drowsiness, and rarely interfering 
with recall and recognition of events of day of surgery and the day after. Getting out of bed unassisted may result in 
falling and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beverages should not be 
used for at least 24 to 48 hours after lorazepam injection due to additive effects on CNS depression seen with ben- 
zodiazepines in general. Elderly patients should be told lorazepam injection may make them very sleepy for longer 
than 6 to 8 hours after surgery. 

Laboratory Tests: In clinical trials no laboratory test abnormalities were identified with single or multiple doses 
of lorazepam injection. Tests included: CBC, urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase, LDH, choles- 
terol, uric acid, BUN, glucose, calcium, phosphorus and total proteins. 

Drug Interactions: Lorazepam injection, like other injectable benzodiazepines, produces CNS depression when 
given with ethyl alcohol, phenothiazines, barbiturates, MAO inhibitors and other antidepressants. When scopola- 
mine is used concomitantly with injectable lorazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 

Drug/Laboratory Test Interactions: No laboratory test abnormalities were identified when lorazepam was 


given alone or concomitantly with another drug. e.g. narcotic analgesics, inhalation anesthetics, scopolamine, 
atranine. and variniis tranniiilizina anents 


Mutagenesis, Impairment of Fertility: No evidence of carcinogenic potential emerged in 
€ pec cnm mice rin an veu study with oral lorazepam. No studies regarding mutagenesis have been per- 
formed. Pre-imp;antation study in rats, performed with oral lorazepam at a 20 mg/kg dose, showed no impairment 
of fertility. 

Pregnancy: Pregnancy Category D. See WARNINGS section. 

Labor and Delivery: There are insufficient data for lorazepam injection in labor and delivery, including cesarean 
section; therefore, this use is not recommended. 

Nursing Mothers: Do not give injectable lorazepam to nursing mothers, because like other benzodiazepines, 
lorazepam may possibly be excreted in human milk and sedate the infant. 

Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years; therefore, such use is not recommended. 

ADVERSE REACTIONS: CNS: Most frequent adverse effects with injectable lorazepam are extensions of drug's 
CNS depressant effects. Incidence varied from one study to another, depending on dosage, route, use of other CNS 
depressants, and investigator's opinion concerning degree and duration of desired sedation. Excessive sleepiness 
and drowsiness were main side effects. This interfered with patient cooperation in about 6% (25/446) of patients 
undergoing regional anesthesia in that they were unable to assess levels of anesthesia in regional blocks or with 
caudal anesthesia. Patients over 50 years had higher incidence of excessive sleepiness or drowsiness compared 
with those under 50 (21/106 vs 24/245) when lorazepam was given IV (see DOSAGE and ADMINISTRATION). On rare 
occasion (3/1580) patient was unable to give personal identification on arrival in operating room, and one patient 
fell when attempting premature ambulation in postoperative period. Symptoms such as restlessness, confusion, 
depression, crying, sobbing, and delirium occurred in about 1.3% (20/1580). One patient injured himself postopera- 
tively by picking at his incision. Hallucinations were present in about 1% (14/1580) of patients, and were visual and 
self-limiting. An occasional patient complained of dizziness, diplopia and/or blurred vision. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had prolonged recovery room stay, because 
of excessive sleepiness or some form of inappropriate behavior (latter seen most commonly when scopolamine 
given concomitantly as premedicant). Limited information from patients discharged day after receiving injectable 
lorazepam showed one patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions. Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectable 
lorazepam, similar to experience with other benzodiazepines. 


Local Effects: IM lorazepam resulted in pain at injection site, a sensation of burning, or observed redness in the 
same area in a very variable incidence from one study to another. Overall incidence of pain and burning was abort 
1796 (146/859) in immediate postinjection period, and about 1.496 (12/859) at 24-hour observation time. Reactions 
at injection site (redness) occurred in about 2% (17/859) in immediate postinjection period, and were present 24 
hours later in about 0.8% (7/859). IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injection and 24 hours later 4/771 patients or about 0.5% still complained of pain. Redness did not occur immedi- 
ately post IV but was noted in 19/771 patients at 24-hour period (incidence is similar to that observed with IV 
infusion before lorazepam was given). 

Cardiovascular System: Hypertension (0.196) and hypotension (0.196) were occasionally observed after patients 
received injectable lorazepam. 

Respiratory System: Five patients (5/446) who underwent regional anesthesia were observed to have partial 
airway obstruction. This was believed due to excessive sleepiness at time of procedure, and resulted in temporary 
underventilation. Immediate attention to the airway, employing usual countermeasures, will usually suffice to man- 
age this (see also CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 

Other Adverse Experiences: Skin rash, nausea and vomiting were occasionally noted in patients who received 
injectable lorazepam with other drugs during anesthesia and surgery. 

DRUG ABUSE AND DEPENDENCE: As with other benzodiazepines, lorazepam injection has a low potential for 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable lorazepam, 
repeated doses over prolonged period of time may result in limited physical and psychological dependence. 
OVERDOSAGE: Overdosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing from drowsiness to coma. In mild cases symptoms include drowsiness, mental confusion and lethargy; in more 
serious cases ataxia, hypotonia, hypotension, hypnosis, stages one to three coma, and very rarely death. Treat- 
ment of overdosage is mainly supportive until drug is eliminated. Carefully monitor vital signs and fluid balance. 
Maintain adequate airway and assist respiration as needed. With normally functioning kidneys, forced diuresis 
with intravenous fluids and electrolytes may accelerate elimination of benzodiazepines. In addition, osmotic diu- 
retics such as mannitol may be effective as adjunctive measures. In more critical situations, renal dialysis and 
exchange blood transfusions may be indicated. Published reports indicate that IV infusion of 0.5 to 4 mg physostig- 
mine at rate of 1mg/minute may reverse symptoms and signs suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance, visual disturbances, hallucinations, delirium); however, hazards associated with 
physostigmine (i.e., induction of seizures) should be weighed against possible clinical benefit. 

DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration whenever solution and container permit. Do not use if solution is discol- 
ored or contains a precipitate 

Intramuscular Injection: For designated indications as premedicant, usual IM dose of lorazepam is 0.05 mg/kg 
up to maximum of 4 mg. As with all premedicants, individualize dose. (See also CLINICAL PHARMACOLOGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS.) Doses of other CNS depressants should ordinarily be reduced. 
(See PRECAUTIONS.) For optimum effect, measured as lack of recall, adrninister lorazepam IM at least 2 hours 
before anticipated operative procedure. Administer narcotic analgesics at usual preoperative time. There are 
insufficient efficacy data to make dosage recommendations for IM lorazepam in patients under 18 years; therefore, 
Such use is not recommended. 

Intravenous Injection: For the primary purpose of sedation and relief of anxiety, usual recommended initial IV 
dose of lorazepam is 2 mg total, or 0.02 mg/Ib (0.044 mg/kg), whichever is smaller. This dose will suffice for sedat- 
ing most adults, and should not ordinarily be exceeded in patients over 50 years. In patients in whom greater likeli- 
hood of lack of recall for perioperative events would be beneficial, larger doses—as high as 0.05 mg/kg up to total 
of 4mg—may be given. (See CLINICAL PHARMACOLOGY, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS.) 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS.) For optimum effect, 
measured as lack of recall, IV lorazepam should be administered 15-20 minutes before anticipated operative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
IV USE OF LORAZEPAM (see WARNINGS). There are insufficient efficacy data to make dosage recommendations for 
IV lorazepam in patients under 18 years; therefore, such use is not recommended. 

Administration: When given IM, lorazepam injection, undiluted, should be injected deep in muscle mass. Inject- 
able lorazepam can be used with atropine sulfate, narcotic analgesics, other parenterally used analgesics, com- 
monly used anesthetics, and muscle relaxants. Immediately prior to IV use, lorazepam injection must be diluted 
with an equal volume of compatible solution. When properly diluted the drug may be injected directly into a vein or 
into the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
is compatible for dilution purposes with: Sterile Water for Injection, USP, Sodium Chloride Injection, USP, 5% Dex- 
trose Injection, USP. 

HOW SUPPLIED: Ativan” (lorazepam) injection, Wyeth, is available in multiple-dose vials and in TUBEX® Sterile 
Cartridge-Needle Units. 

2 mg/ml, NDC 0008-0581; 10 mi vial and 1ml fill in 2 ml TUBEX. 

4mg/ml, NDC 0008-0570; 10 ml vial and 1 ml fill in 2 ml TUBEX. 

For IM or IV injection. 

Protect from light. Keep in refrigerator. 

Directions for Dilution for IV Use: To dilute, adhere to following procedure: For TUBEX —(1) Extrude entire 
amount of air in half-filled TUBEX. (2) Slowly aspirate desired volume of diluent. (3) Pull back slightly on plunger to 
provide additional mixing space. (4) Immediately mix contents thoroughly by gently inverting TUBEX repeatedly 
until homogenous solution results. Do not shake vigorously, as this will result in air entrapment. For Vial—Aspirate 
desired amount of lorazepam injection into syringe. Then proceed as described under TUBEX. 


Wyeth Laboratories 


| ; eo PA 19101 


CI 3117-1 7/31/80 






The new American 
Optical Model SLS 
Stylet-Laryngoscope 
. for oral intubation provides a clear view 
of oropharynx, larynx, and vocal cords 
as the endotracheal tube is gently but 
rapidly guided into position. 


The small diameter (5.6 mm) AO stylet 
is malleable—it may be shaped for best 
entry regardless of patient position, 
injury or abnormality. 


The easily used SLS allows intubation 
tube placement in cases where the 
standard blade laryngoscope is diffi- 
cult to use due to obstructed vision, 
irregular intubation path, poor illumin- 
ation or restricted oral opening. 


. SLS intubation procedure is similar to 


conventional laryngoscope technique. 


NEW HELP! FOR 
MOST PROBLEM 
INTUBATIONS 





Solve intubation problems Meow a demonstration. 
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American Optical Corporation, Fiber Optics, Southbridge, MA 01550 








Address 








CY ons State 


cp ® 








Phone — Ext. 








O Send more information 


Call between hours 


L] Arrange a demonstration ofthe AO SLSStylet-Laryngoscope 














& American Optical 


Fiber Optics, Southbridge, MA 01550 
Phone (617) 765-9711, Extension 2445 
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Pharmacologic doses of corticoids have been used in S 
the treatment of shock unresponsive to conventional therapy, 
if adrenocortical insufficiency exists or is suspected. 


Differences That Count 
Hexadrol phosphate injection is easy to handle, store and administer. Already 
in solution, it can be used directly from the vial. Hexadrol has benzyl alcohol as a 
preservative and is stable at room temperature. 

The multi-dose vial minimizes waste. When used in pharmacologic doses, Hexadrol 
offers significant savings over methylprednisolone* 


“Based on average wholesale price listings in Drug Topics Red Book 1979. Actual prices paid by direct purchasers will vary by order size but are usually lower for Hexadrol. 


Hexadrol Phosphate Injection 
dexamethasone sodium phosphate injection USP 


BEFORE PRESCRIBING OR ADMINISTERING, PLEASE CON- 
SULT COMPLETE PRODUCT INFORMATION, A SUMMARY OF 
WHICH FOLLOWS: 

ACTIONS—Glucocorticoids cause profound and varied metabolic 
effects. In addition, they modify the body's immune response to » 





All corticosteroids increase calcium excretion. 

WHILE ON CORTICOSTEROID THERAPY PATIENTS SHOULD 
NOT BE VACCINATED AGAINST SMALLPOX. OTHER IMMUNI- 
ZATION PROCEDURES SHOULD NOT BE UNDERTAKEN IN 
a PATIENTS WHO ARE ON CORTICOSTEROIDS, ESPECIALLY 


diverse stimuli. 

CONTRAINDICATIONS Systemic fungal infections—Hyper- 
sensitivity to any component. 

WARNINGS-'In patients on corticosteriod therapy subjected 





IN HIGH DOSES BECAUSE OF POSSIBLE HAZARDS OF 
NEUROLOGICAL COMPLICATIONS AND LACK OF ANTI- 
BODY RESPONSE. 

The use of Hexadrol Phosphate Injection (dexamethasone 
sodium phosphate injection, USP) in active tuberculosis 


to any unusual stress, increased dosage of rapidly acting cor- 
ticosteroids before, during and after the stressful situation is 
indicated. Corticosteroids may mask some signs of infection, 
and new infections may appear during their use. There may 
be decreased resistance and inability to localize infection 
when corticosteroids are used. Prolonged use of cortico- 


should be restricted to those cases of fulminating or dis- 
seminated tuberculosis in which the corticosteroid is used 
for the management of the disease in conjunction with an 
appropriate anti-tuberculosis regimen. 

If corticosteroids are indicated in patients with latent 





glaucoma with possible damage to optic nerves and may PHOSPHATE necessary as reactivation of the disease may occur. During 
enhance the establishment of secondary, fungal or viral YnacTAsONt $3008 prolonged corticosteroid therapy, these patients should 


"a receive chemoprophylaxis. 
rere Because rare instances of anaphylactoid reactions have 


DISPENSING WITHOUT PRESCRIPTION occurred in patients receiving parenteral corticoste- 
mothers who have received substantial doses of corticoster- 


roid therapy, appropriate precautionary measures 
should be taken prior to administration, especially 
oids during pregnancy should be carefully observed for 
signs of hypoadrenalism. 100 mg 


when the patient has a history of allergy to any drug. 
PRECAUTIONS—Drug-induced secondary adreno- 
cortical insufficiency may be minimized by gradual reduc- 
tion of dosage. This type of relative insufficiency may 
persist for months after discontinuation of therapy; there- 

Average and large doses of cortisone or hydrocortisone can 

cause elevation of blood pressure, salt and water retention, and 

increased excretion of potassium. These effects are less likely to 

occur with the synthetic derivatives except when used in large 

doses. Patients with stressed myocardium should be observed 


fore, in any situation of stress occurring during that period, 
hormone therapy should be reinstituted. Since mineralocorticoid 

carefully and the drug administered slowly since premature ven- 

tricular contractions may occur with rapid administration. Dietary 


ocular infections. 

Usage In Pregnancy. Since adequate human reproduc- 
tion studies have not been done with corticosteroids, the 
use of these drugs in pregnancy, nursing mothers or 
women of childbearing potential requires that the possible 
benefits of the drug be weighed against the potential haz- 
ards to the mother and embryo or fetus. Infants born of 








There is an enhanced effect of corticosteroids in patients with 
hypothyroidism and in those with cirrhosis. 
__ Corticosteroids should be used cautiously in patients with ocu- 


secretion may be impaired, salt and/or a mineralocorticoid should 
be administered concurrently. 
calt ractrictinn and natacaisnim ciae bi ma m m mmm am ae 
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The 
lowest possible 
dose of corticosteroid 
should be used to control the 
condition under treatment, and when 
reduction in dosage is possible, the reduction 
must be gradual. 

Psychic derangements may appear when corticosteroids 
are used ranging from euphoria, insomnia, mood swings, person- 
ality changes, and severe depression to frank psychotic manifesta- 
tions. Also, existing emotional instability or psychotic tendencies 
may be aggravated by corticosteroids. 

Aspirin should be used cautiously in conjunction with cortico- 
steroids in hypoprothrombinemia. 

Steroids should be used with caution in nonspecific ulcerative 
colitis, if there is a probability of impending perforation, abscess or 
other pyogenic infection, also in diverticulitis, fresh intestinal anas- 
tomoses, active or latent peptic ulcer, renal insufficiency, hyperten- 
sion, osteoporosis, and myasthenia gravis. 

Growth and development of infants and children on prolonged 
corticosteroid therapy should be carefully followed. 

Intra-articular injection of a corticosteroid may produce sys- 
temic as well as local effects. 

Appropriate examination of any joint fluid present is necessary 
to exclude a septic process. 

A marked increase in pain accompanied by local swelling, fur- 
ther restriction of joint motion, fever, and malaise are suggestive of 
septic arthritis. If this complication occurs and the diagnosis of 
sepsis is confirmed, approrpriate antimicrobial therapy should be 
instituted. 

Local injection of a steroid into a previously infected joint is to 
be avoided. Corticosteroids should not be injected into unstable 
joints. 

ADVERSE REACTIONS— 

Fluid and electrolyte disturbances: Sodium retention; Fluid reten- 
tion; Congestive heart failure in susceptible patients; Potassium 
loss; Hypokalemic alkalosis; Hypertension. 


Musculoskeletal: Muscle weakness; Steroid myopathy; Loss of 
muscle mass; Osteoporosis; Vertebral compression fractures; 
Aseptic necrosis of femoral and humeral heads; Pathologic frac- 
ture of long bones. 


> Gastrointestinal: Peptic ulcer with possible subsequent perfora- 


tion and hemorrhage; Pancreatis; Abdominal distention; Ulcerative 
esophagitis. 

Dermatologic: Impaired wound healing; Thin fragile skin; Pete- 
chiae and ecchymoses; Facial erythema; Increased sweating; May 
suppress reactions to skin tests. 


Neurological: Convulsions; Increased intracranial pressure with 
papilledema (pseudotumor cerebri) usually after treatment; Ver- 
tigo; Headache. 
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state; 
Suppression 
of growth in 
children; Secondary 
adrenocortical and pituitary 
unresponsiveness, particularly in times of stress, as in trauma, 
sugery, or illness; Decreased carbohydrate tolerance; Manifesta- 
tions of latent diabetes mellitus; Increased requirements for insulin 
or oral hypoglycemic agents in diabetics. 


Ophthalmic: Posterior subcapsular cataracts; Increased intraocu- 
lar pressure; Glaucoma; Exophthalmos. 


Metabolic: Negative nitrogen balance due to protein catabolism. 


Miscellaneous: Hyperpigmentation or hypopigmentation; Subcu- 
taneous and cutaneous atrophy; Sterile abscess; Postinjection 
flare, following intra-articular use; Charcot-like arthropathy; Itch- 
ing, burning, tingling in the ano-genital region. 

DOSAGE AND ADMINISTRATION—For treatment of unrespon- 
sive shock high pharmacologic doses of this product are currently 
recommended. Reported regimens range from 1 to 6 mg/kg of 
body weight as a single intravenous injection to 40 mg initially 
followed by repeat intravenous injection every 2 to 6 hours while 
shock persists. 

DOSAGE REQUIREMENTS ARE VARIABLE AND MUST BE 
INDIVIDUALIZED ON THE BASIS OF THE DISEASE AND THE 
RESPONSE OF THE PATIENTS. 

CAUTION—Federal law prohibits dispensing without prescription. 
HOW SUPPLIED—5-cc (4 mg/cc) multiple dose vial, NDC #0052- 
0796-05; 1-cc (4mg/cc) vial, box of 25, NDC # 0052-0796-25; 
10-cc (10mg/cc) vial (for intravenous or intramuscular use only), 
NDC +00520-079710; 

1-cc (4mg/cc) Prefilled Disposable Syringe (for intravenous or 
intramuscular use only) NDC #0052-0796-26. 


Hexadrol is available in two potencies, 4mg/cc and 10mg/cc in 
aqueous solution with 196 benzyl alcohol as preservative. 


When You Need it... Hexadrol Has It! 
Organon Pharmaceuticals 


Que) A Division of Organon Inc. 






Anesthesia AND Respiratory Therapy with A Single Sensor... The NEW Digital 


POLAROGRAPHIC 


OXYGEN MONITOR AND ANALYZER 





The Fastest Polarographic Units Available Today! 
= The Fastest “Warm-Up” Of Any Unit 


(Just 2V» minutes) 


= Extremely Fast Response Time 
(97% of change in less than 12 seconds) 


2 New “ON-OFF” Switch 


See Us At A.A.R.T. 
Booths 538, 540, 542 
and 544. 







Model 5575 


Model 5570 


Division of Hudson 


Surgery 
doesn’t start 
» with the knife 
or end with 

the suture 


Before the first incision until 
after the last suture, the patient is 
in your hands, under the anesthetic 
you administer. 

When your choice of anesthetic 
is Ethrane (enflurane) — now being 
used more often than any other 
potent anesthetic—you are 
assured of a safety record that 
is unsurpassed. 

Well tolerated by patients witha 
broad range of conditions, includ- 
ing many higher-risk patients, 
Ethrane (enflurane) blocks mem- 
ory as well as pain and conscious- 
ness, for your patient’s psychic as 
well as physical well-being. 
Monitoring and control are excel- 
lent—with clearcut physical signs 
showing the level of anesthesia, 
and a low blood solubility permit- 
ting rapid adjustment of depth to 
meet patient and surgical needs. 
When surgery is completed, 
consciousness returns smoothly, 
comfortably and usually without 


excitement or nausea. 
=> + 


The standard 
by which anesthetics 
" are measured 


UNIO Medical Products 


Please see following page for complete product 
use information. 





Fthr gne enflurane 


The standard by which 


anesthetics are measured 


CAUTION: Federal Law Prohibits Dispensing without Prescription. 
DESCRIPTION 


ETHRANE (enflurane) is a nonflammable inhalation anesthetic agent. It is 2- 
chloro-1, 1,2-trifluoroethy! difluoromethyl ether, molecular weight 184.5, and its 
structural formula is: 


CIF F 
LE 
H-C-C-O-C-H 
= 
FF F 


The boiling point is 56.5°C at 760 mm Hg. and the vapor pressure (mm Hg) is 
175 at 20°C, 218 at 25°C, and 345 at 36°C. Vapor pressures can be calculated 
using the equation: 


logioP =A + B/T A=7.967 
B = —1678.4 
T = °C + 273.16 (Kelvin) 

The specific gravity (25°/25°C) is 1.517. The refractive index at 20° is 1.3026- 
1.3030. The blood/gas coefficient is 1.91 at 37°C and the oil/gas coefficient is 
98.5 at 37?C. The M.A.C. (minimum alveolar concentration) in man is 1.68 percent 
in pure oxygen, 0.57 in 70% nitrous oxide and oxygen, and 1.17 in 30% nitrous 
Oxide and oxygen. 

ETHRANE is a clear, colorless, stable liquid whose purity exceeds 99.9 percent 
(area % by gas chromatography). No chemical stabilizers are added as these have 
been found, through controlled laboratory tests, to be unnecessary to maintain 
stability even in the presence of ultraviolet light. ETHRANE is stable to strong 
base and does not decompose in contact with soda lime and does not attack 
aluminum, tin, brass, iron or copper. The partition coefficients of ETHRANE at 
259C are 74 in conductive rubber and 120 in polyvinyl chloride. 


CLINICAL PHARMACOLOGY 


ETHRANE (enflurane) is an inhalation anesthetic. Induction and recovery from 
anesthesia with ETHRANE are rapid. ETHRANE has a mild, sweet odor. There is 
mild stimulus to salivation or tracheobronchial secretions when ETHRANE is 
used alone. Pharyngeal and laryngeal reflexes are readily obtunded. The level of 
anesthesia changes rapidly with ETHRANE. ETHRANE reduces ventilation as 
depth of anesthesia increases. High pCO:levels can be obtained at deeper levels 
of anesthesia if ventilation is not supported. ETHRANE provokes a sigh response 
reminiscent of that seen with diethyl ether. 

There is a decrease in blood pressure with induction of anesthesia, followed by 
a return to near normal with surgical stimulation. Progressive increases in depth 
of anesthesia produce corresponding increases in hypotension. Heart rate 
remains relatively constant without significant bradycardia. Electrocardiographic 
monitoring or recordings indicate that cardiac rhythm remains stable. Elevation of 
the carbon dioxide level in arterial blood does not alter cardiac rhythm. 

Studies in man indicate a considerable margin of safety in the administration of 
epinephrine containing solutions during ETHRANE anesthesia. ETHRANE anes- 
thesia has been used in excision of pheochromocytoma in man without ventric- 
ular arrhythmias. On the basis of studies in patients anesthetized with ETHRANE 
and injected with epinephrine containing solutions to achieve hemostasis in a 
highly vascular area (transphenoidal surgery), it is recommended that 2 micro- 
grams per kilogram (2ug/kg) of epinephrine may be injected subcutaneously 
over a 10 minute period. This may be repeated up to 3 times per hour. 
Example: Up to 10 ml of 1:100,000 epinephrine containing solution (10ug/ml) 
may be injected subcutaneously over a 10 minute period in a 50 kilogram patient 
judged to have ordinary tolerance to epinephrine administration. No more than 
30 ml of 1:100,000 epinephrine containing solution (10 ug/ml) should be admin- 
istered to such a patient per hour. The concomitant administration of lidocaine 
enhances the safety of the use of epinephrine during ETHRANE anesthesia. This 
effect of lidocaine is dose related. All customary precautions in the use of 
vasoconstrictor substances should be observed. 

Example Two: Alternatively, upto 20 ml of 1:200,000 epinephrine containing solu- 
tion to Hm may be substituted for 10 ml of 1:100,000 solution in the above 
example. 

Muscle relaxation may be adequate for intra-abdominal operation at normal 
levels of anesthesia. Muscle relaxants may be used to achieve greater relaxation 
and all commonly used muscle relaxants are compatible with ETHRANE. The 
NONDEPOLARIZING MUSCLE RELAXANTS ARE POTENTIATED. In the 
normal 70 kg adult, 6 to 9 mg of d-tubocurarine or 1 to 1.5 mg of 
pancuronium will produce a 90 percent or greater depression of twitch height. 
Neostigmine does not reverse the direct effect of ETHRANE. 

Biotransformation of HRANE in man results in low levels of serum fluoride 
ions averaging 15 mM/L. These levels are well below the 50 mM/L threshold level 
which can produce minimal renal damage in normal subjects; however, it is pos- 
sible that these levels could result in damage in patients with severely impaired 
renal function or those undergoing renal transplantation. Depression of 
lymphocyte transformation does not follow prolonged ETHRANE anesthesia in 
man in the absence of surgery. Thus ETHRANE does not depress this aspect of 


the immune response. 
INDICATIONS 


ETHRANE (enflurane) may be used for induction and maintenance of general 
anesthesia. Adequate data have not been developed to establish its application 
in obstetrical anesthesia. 


CONTRAINDICATIONS 
Seizure disorders (see WARNINGS). 
Known sensitivity to ETHRANE (enflurane) or other halogenated anesthetics. 


WARNINGS 


Increasing depth of anesthesia with ETHRANE (enflurane) may produce a 
change in the electroencephalogram characterized by high voltage, fast fre- 
auencv nproaressina throuah snike-dame comnlevxes alternatina with nerinde nf 


electrical silence to frank seizure activity. The latter may or may not be associate 
with motor movement. Motor activity, when encountered, generally consists : 
twitching or “jerks” of various muscle groups; it is self-limiting and can be term 
nated by lowering the anesthetic concentration. This electroencephalograph 
pattern associated with deep anesthesia is exacerbated by low arterial carbc 
dioxide tension. A reduction in ventilation and anesthetic concentration usual 
suffices to eliminate seizure activity. Cerebral blood flow and metabolis 
studies in normal volunteers immediately following seizure activity show r 
evidence of cerebral hypoxia. Mental functions testing does not reveal ar 
impairment of performance following prolonged ETHRANE anesthesia ass: 
ciated with or not associated with seizure activity. 

Since levels of anesthesia may be altered easily and rapidly, only calibrate 
vaporizers which measure output with reasonable accuracy should be use: 
Hypotension and respiratory exchange can serve as a guide to anesthesia deptl 
Deep levels of anesthesia may produce marked hypotension and respirato! 
depression. x 

The action of nondepolarizing relaxants is augmented by ETHRANE. Less the 
the usual amounts of these drugs should be used. If the usual amounts : 
nondepolarizing relaxants are given, the time for recovery from myoneur 
blockade will be longer in the presence of ETHRANE than for other common 
used anesthetics. 

Usage in Pregnancy: Safety in pregnancy has not been established. Reprodu 
tion studies have been performed in rats and rabbits, and there is no evidence: 
harm to the animal fetus. The relevance of these studies to the human is n 
known. Since there is no adequate experience in pregnant women who ha 
received the drug, safety in pregnancy has not been established. 


PRECAUTIONS 


Bromsulfalein (BSP) retention is mildly elevated postoperatively in some case 
This may relate to the effect of surgery since prolonged anesthesia (5 to 7 hour 
in human volunteers does not result in BSP elevation. There is some elevatic 
of glucose and white blood count intraoperatively. Glucose elevation should t 
considered in diabetic patients. ETHRANE (enflurane) should be used wi 
caution in patients who by virtue of medical or drug history could be considere 
more susceptible to cortical stimulation produced by this drug. As with oth: 
general anesthetics and some muscle relaxants, hyperpyrexia has been observe 
with the use of ETHRANE. 


ADVERSE REACTIONS 


1. Motor activity exemplified by movements of various muscle groups and/ 
seizures may be encountered with deep levels of ETHRANE (enfluran 
anesthesia, or light levels with hypocapnia 

2. Hypotension and respiratory depression have been reported. 

3. Arrhythmias, shivering, nausea, and vomiting have been reported. 

4. Elevation of the white blood count has been observed. 


DOSAGE AND ADMINISTRATION 


The concentration of ETHRANE (enflurane) being delivered during anesthes 
from a vaporizer should be known. This may be accomplished by using: 

a) vaporizers calibrated specifically for EÉTHRANE. 

b) vaporizers from which delivered flows can easily and readily be calculate: 

Nothing is present in the agent to alter calibration or affect the operatic 
characteristics of the vaporizer. 

Preanesthetic Medication: Preanesthetic medication should be selected a 
cording to the need of the individual patient, taking into account that secrétió; 
are weakly stimulated by ETHRANE and the heart rate remains constant. The us 
of anticholinergic drugs is a matter of choice. _ 

Induction: Induction may be achieved using ETHRANE alone with oxygen ori 
combination with oxygen-nitrous oxide mixtures. Under these conditions som 
excitement may be encountered. If excitement is to be avoided, a hypnotic dos 
of a short-acting barbiturate should be used to induce unconsciousness, followe 
by the ETHRANE mixture. In general, inspired concentrations of 2.0-4.5 
ETHRANE produce surgical anesthesia in 7-10 minutes. 

_ Maintenance: Surgical levels of anesthesia may be maintained with 0.5-3' 
ETHRANE. Maintenance concentrations should not exceed 3%. If added relax: 
tion is required, supplemental doses of muscle relaxants may be used. Ventilatic 
to maintain the tension of carbon dioxide in arterial blood in the 35-45 mm H 
range is preferred. Hyperventilation should be avoided in order to minimiz 
possible CNS excitation. 

. The level of blood pressure during maintenance is an inverse function < 
ETHRANE concentration in the absence of other complication problems. Exce: 
sive decreases (unless related to hypovolemia) may be due to depth < 
anesthesia and in such instances should be corrected by lightening the level « 
anesthesia. 

Overdosage: In the event of overdosage, or what may appear to be overdosag 
the following action should be taken. 

Stop drug administration; establish a clear airway and initiate assisted | 
controlled ventilation with pure oxygen. 


PACKAGING 
ETHRANE (enflurane) is packaged in 125 and 250 ml amber colored bottles. 


LE | À : 
Ethrane) ORIO Medical Product: 


(enflurane ) 
— A Division of Airco, Inc. 


3030 Airco Drive, P.O. Box 7550, Madison, Wisconsin 537( 
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Non-glare. 


The finishing 
touch from 
Penlon. 


One of the best instruments in the field is now just a little bit better. We've 
developed a soft new matte finish for our laryngoscopes that virtually eliminates reflection 
and glare. Now you can enjoy maximum illumination without the distraction that can 
attend polished finishes. Those who wear glasses will welcome this timely new improve- 
ment, now available in Macintosh, Miller and Wisconsin models. 

Naturally, our new finishing touch doesn't compromise in the slightest way the 
superior handcrafted quality you have come to expect from our laryngoscopes. Hi 
The same quality stainless steel goes in, the same meticulous care is given ; 

` to manufacture. 

We've been developing and perfecting laryngoscopes for 35 
years. First with stainless steel to eliminate plating problems. 
Pioneers in better wiring, insulation and blade design. Our 
non-glare finish simply follows in that innovative tradition 
to give you the most useful, professional | 
instruments that can be made. 

Penlon laryngoscopes. Showing the way 
from start to finish. 

For more information call or write 
Penlon Inc., 4647 Giles Road, 

Cleveland, Ohio 44135, 
216-476-0880. 





Onset of action 
in 1 to 3 minutes 


for a calmer, relaxed 
patient 


When impending surgery causes high levels of 
anxiety, administering Valium (diazepam/Roche) I.V. 
can be a valuable pre-anesthetic maneuver. Within 3 
minutes, Injectable Valium reaches peak blood levels, 
promptly relieving patients of excessive apprehension. 


Diminished recall 


Within three minutes of injection, Valium l.V. pro- 
duces anterograde amnesia. This important property 
allows most patients to virtually forget induction of 
anesthesia, passage of endoscopic instruments and 
similar distressing events. However, when required, 
patients usually can respond to directions—an impor- 
tant advantage in surgery conducted under regional 
anesthesia or in procedures such as endoscopy and 
cardioversion. 








Permits reduction of 
analgesic dosage 


When Valium I.V. is used with a narcotic analgesic, 
the dosage of the ..arcotic can and should be reduced 
by at least one-third. In some cases the use of a ^ 
narcotic may not be necessary. 


Predictable duration 
of action 


Because the sedating effect of Valium (diazepam/ 
Roche) I.V. is of predictable duration, patients can be 
released only a few hours after minor surgery or 
short-term diagnostic procedures. By then, alertness 
is restored, since post-procedural drowsiness is mini- 
mal and short-lived. As with most CNS-acting drugs 
patients should be cautioned against engaging in 
hazardous occupations requiring complete mental 
alertness, such as operating machinery or driving. ; 





Improved 





Tel-E-Ject 


10-mg Disposable 
Syringe (5 mg/ml) 
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scale on both sides of barrel 


eases visibility during 


administration 


lectable 


Valium LV. 


diazepam/Roche 


10-ml vials 
2-ml ampuls 
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Please consult complete 
product information, a summary 

of which follows: 
Contraindications: Hypersensitivity. 
acute narrow angle glaucoma, may be 
used in patients with open angle glau- 
coma receiving appropriate therapy 
Warnings: 7o reduce the possibility of 
venous thrombosis, phlebitis. local irri- 
tration. swelling, and, rarely, vascular 
impairment when used I.V.: inject 
Slowly. taking at least one minute for 
each 5 mg (1 ml) given; do not use 
small veins, i.e.. dorsum of hand or 
wrist; use extreme care to avoid intra- 
arterial administration or extravasation 
Do not mix or dilute Valium (diazepam 
Roche) with other solutions or drugs in 
syringe or infusion flask. If it is not 
feasible to administer Valium directly 
I.V., it may be injected slowly through 
the infusion tubing as close as pos- 
sible to the vein insertion 
Administer with extreme care to elderly, 
very ill, those with limited pulmonary 
reserve because of possibility of apnea 
and/or cardiac arrest, concomitant use 
of barbiturates, alcohol or other CNS 
depressants increases depression with 
increased risk of apnea; have resusci- 
tative facilities available. When used 
with narcotic analgesic. eliminate or 
reduce narcotic dosage at least 4 
administer in small increments. Should 
not be administered to patients in 
shock. coma, acute alcoholic intoxica- 
tion with depression of vital signs. As 
with most CNS-acting drugs. caution 
against hazardous occupations requir- 
ing complete mental alertness (e.g.. 
operating machinery. driving) 
Has precipitated tonic status epilep- 
ticus in patients treated for petit mal 
status or petit mal variant status 
Withdrawal symptoms similar to those 
with barbiturates and alcohol have 
been observed with abrupt discon- 
tinuation after long use of excessive 
doses. Infrequently, milder withdrawal 
symptoms have been reported follow- 
ing abrupt discontinuation of benzo- 
diazepines after long. continuous use 
at high therapeutic levels. After ex- 
tended therapy. gradually taper dosage 

Usage in Pregnancy: Use of 

minor tranquilizers during 

first trimester should almost 

always be avoided because 

of increased risk of congeni- 

tal malformations, as sug- 

gested in several studies. 

Consider possibility of preg- 

nancy when instituting 

therapy; advise patients to 

discuss therapy if they intend 

to or do become pregnant. 
Not recommended for OB use 


Efficacy/safety not established in neo- 
nates (age 30 days or less). prolonged 
CNS depression observed In children, 
give slowly (up to 0.25 mg/kg over 3 
minutes) to avoid apnea or prolonged 
somnolence, can be repeated after 15 
to 30 minutes. If no relief after third 
administration. appropriate adjunctive 
therapy is recommended 
Precautions: Although promptly con- 
trolled, seizures may return. re-admin- 
ister if necessary; not recommended 
for long-term maintenance therapy 

If combined with other psychotropics 
or anticonvulsants. carefully consider 
individual pharmacologic effects—par- 
ticularly with known compounds which 
may potentiate action of Valium 
(diazepam/Roche), i.e.. phenothia- 
zines, narcotics, barbiturates, MAO in- 
hibitors, antidepressants. Protective 
measures indicated in highly anxious 
patients with accompanying depres- 
sion who may have suicidal tenden- 
cies. Observe usual precautions in 
impaired hepatic function; avoid ac- 
cumulation in patients with compro- 
mised kidney function. Laryngospasm 
increased cough reflex are possible 
during peroral endoscopic proce- 
dures; use topical anesthetic, have 
necessary countermeasures available 
Hypotension or muscular weakness 
possible, particularly when used with 
narcotics, barbiturates or alcohol. Use 
lower doses (2 to 5 mg) for elderly/ 
debilitated 

Adverse Reactions: Drowsiness, fa- 
tigue, ataxia, venous thrombosis/ 
phlebitis at injection site. confusion, 
depression, dysarthria. headache, hy- 
poactivity, slurred speech. syncope. 
tremor, vertigo, constipation, nausea, 
incontinence, changes in libido, uri- 
nary retention. bradycardia, car- 
diovascular collapse. hypotension, 
blurred vision, diplopia, nystagmus, 
urticaria, skin rash, hiccups, changes 
in salivation, neutropenia, jaundice 
Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances, 
stimulation have been reported: should 
these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hy- 
perventilation, laryngospasm/pain in 
throat and chest have been reported in 
peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice: 
periodic blood counts, liver function 
tests advisable during long-term 
therapy. Minor EEG changes. usually 
low- voltage fast activity, of no known 
significance 

Management of Overdosage: Man- 
ifestations include somnolence, con- 
fusion, coma, diminished reflexes 
Monitor respiration, pulse, blood pres- 
sure; employ genera! supportive 
measures , I V. fluids, adequate airway 
Hypotension may be combated by the 
use of levarterenol or metaraminol 
Dialysis is of limited value 

Supplied: Ampuls, 2 ml, boxes of 10. 
Vials, 10 ml, boxes of 1; Tel-E- Ject* 
(disposable syringes). 2 ml, boxes of 
10. Each ml contains 5 mg diazepam 
compounded with 4096 propylene 
glycol. 1096 ethyl alcohol, 596 sodium 
benzoate and benzoic acid as 
buffers, and 1.596 benzyl alcohol as 
preservative 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc 
® Nutley. New Jersey 07110 
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Doctor, now is the time 
for complete monitoring 
to include your practice! 











For more information write or call 


High Point Anesthesia Associates 


P.O. Box 2444 High Point North Carolina 27261 
Attn. Steve Hill 


Telephone (919) 882-2567 


Advanced billing software - developed and refined by anesthesiologists for over three years. 


(19) 


x d : EP 29 


P1 
MHEAN 957 


T ER WU 110772 

veo f fS LS NL 
7S PE 
5 ø 


29 


TRACE 
RECORD 


Fiy) 
LOWER 
TRACE 

RECORD 


CAUTION - HOT 





LU 
SH & TURN TURN 


RATE ALARMS 


VV 


AL 
MAINS 


LOWER TRACE FUNCTION 


m 


ALARM 
RESET 


HIGH I AVR 


ECG SIZE ECG SWEEP 
5-4 cmwmV POSITION SPEED 


A Pw 50 mms 


25 mm/s 


CAL ZERO QRS VOL 


1mV P1 P 


60 mmHg 


100 mmHg 


LEAD SELECT 


AVL 





Vital signs much improved. 


Presenting the all-new VSM-1 vital signs 
monitor from Physio-Control —the first physio- 
logical monitor to be conceived, designed and 
built from your point of view. 

The VSM-1 provides continuous display of 
systolic, diastolic and mean blood pressures 
for two invasive lines. Pressure zeroing is auto- 
matic and pressure scales can be varied through- 
out three ranges to maximize the size of the 
pressure wave form display. And you can freeze 
or record ECG, pulse or either of the two pres- 
sures. Temperature, 12 lead ECG, and non- 
fade trace are also provided. 

For all its sophistication, the microprocessor- 
based VSM-1 is remarkably simple to operate. 
The instrument is a single compact unit, com- 
plete with recorder and a powerful integral 
battery for portable or emergency operation. 
Data presentation is clean, crisp and clear. 
Controls are color-coded by function and 
grouped logically for ease of operation. A single 
connector serves for interface with either a 
defibrillator or remote display. 

We should also like to emphasize that the 
VSM-1 has been designed and engineered to 
the highest possible standards of reliability. 
And, like all Physio-Control products, the VSM 
is backed by the largest, best trained and most 
dedicated service team in our industry. 

Questions? A demonstration? We d be 
delighted. 


PHYSIO-CONTROL — Manufacturers of the Lifepak' 
acute cardiac care systems. 11811 Willows Road, 
Redmond, Washington 98052 USA (206) 881-4000 
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THE HECK WITH SHARKS — 
ITS THE GERMS THAT SCARE ME! 


Be adeuones 99 


VIRAL- BACTERIAL RETENTIVE FILTER 


NIGHOLES Tie 


THE 2m GENERATION 





Reprints of this ad available upon request, K & G Healthcare Industries, Inc. 5373 N.W. 36th Street, 
Miami Springs, Florida 33166 (305) 871-3632 


* K&G Healthcare, Inc. 1980 
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100 
Your patient is only as safe as your = 
equipment. How well you know! Take a MIN. VENT 600 


PRESSURE 





close look at our centralized alarm ! 
panel on the new Narkomed 2 Total | — : 25 25 
Anesthesia System. The audible and : | m z 500 


visual alarm system monitors: * xb ado Lm 
B VENTILATION PRESSURE FAILURE N 
If the maximum pressure is less than that set | A | 
on the Dráger Pressure Monitor or the fre- 

uency of artificial ventilation is less than 
three times per minute, an alarm is actuated. 
B OXYGEN SUPPLY PRESSURE - 
If the oxygen supply pressure decreases to 


below 30psi, an alarm is actuated. 
B OXYGEN FLOW RATIO (O.R.M.) | 

. M the ratio of nitrous oxide flow to oxygen 
flow decreases to below approximately 30% 
oxygen at total flows of more than 2 l.p.m., 
an alarm is actuated. ilc 
@ EXCESSIVE PRESSURE : EN T 
If the pressure exceeds 65cmH,0, an alarm is O; SUPPLY 
actuated. ! | PRESSURE 
B SUB-ATMOSPHERIC PRESSURE 
If the pressure decreases below 10cmH;0, an 
alarm is actuated. a 
B CONTINUING PRESSURE 
If the pressure remains above 12.5cmH,0 for 
more than 10 seconds, an alarm is actuated. 
B N.A.D. OXYGEN MONITOR 
Our unique breathing system monitor 
utilizes a rapid-responding polargraphic 
oxygen sensor. If the oxygen concentration 
falls below the preset level, an alarm is 
actuated. m 


FLOW RATIO . 










MAIN SWITCH 
(PUSH AND TURN) 


BLOOD PRESSURE 
Patient safety was 
the prime criterion 
behind the innovative 
design of Narkomed 2. Our unique, 
bey ike Bc a exceed the m 
curren 79.8 standards. Amon 4 ALARM 
them—the N.A.D. Centralized Alarm ` E sue 
Panel. You and your patients deserve 
the best there is. Take a closer look at 
Narkomed 2, the total anesthesia 
System of tomorrow. Write North 
American Drager. Ask for our literature. — [ass 
You'll see the total anesthesia system PEE I3 C81: 
with the most safety features available. 
Today and tomorrow! 





NORTH AMERICAN DRAGER 
148B2 Quarry Road @ Telford. Pennsvivania 18969 M 215-723-9824 
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Pavulon facilitates intubation and provides 


safe, neuromuscular blockade. €) DroanonPhormaceuticale 
Histamine release and ganglionic > A Division of Organon Inc. 
gang West Orange, N.J. 07052 


blockade are rarely, if ever, seen! AL 
A PART OF 2a $40 0e INC. 
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Until closure 


Proceed with PAVULON 


pancuronium bromide 
The clinically proven nondepolarizing muscle relaxant 


Brief Summary (Please consult full package insert, enclosed in every 
package, before using Pavulon). 


ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking agent 
possessing all of the characteristic pharmacological actions of this class 
of drugs (curariform) on the myoneural junction. 

Pavulon (pancuronium bromide) is antagonized by acetylcholine, 
anticholinesterases, and potassium ion. Its action is increased by inhala- 
tional anesthetics such as halothane, diethyl ether, enflurane and meth- 
oxyflurane, as well as quinine, magnesium salts, hypokalemia, some 
carcinomas, and certain antibiotics such as neomycin, streptomycin, 
clindamycin, kanamycin, gentamicin and bacitracin. The action of Pavu- 
lon may be altered by dehydration, electrolyte imbalance, acid-base 
imbalance, renal disease, and concomitant administration of other 
neuromuscular agents. 

CONTRAINDICATIONS: Pavulon is contraindicated in patients known to 
be hypersensitive to the drug or to the bromide ion. 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY 
ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF EXPERI- 
ENCED CLINICIANS, WHO ARE FAMILIAR WITH ITS ACTIONS AND THE 
POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS 
USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILI- 
TIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THER- 
APY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE 
CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRA- 
TION. 

In patients who are known to have myasthenia gravis small doses of 
Pavulon may have profound effects. A peripheral nerve stimulator is 
especially valuable in assessing the effects of Pavulon in such patients. 


USAGE IN PREGNANCY: The safe use of pancuronium bromide has not 
been established with respect to the possible adverse effects upon fetal 
development. Therefore, it should not be used in women of childbearing 
potential and particularly during early pregnancy unless in the judgment 
of the physician the potential benefits outweigh the unknown hazards. 
Pavulon may be used in operative obstetrics (Cesarean section), but 
reversal of pancuronium may be unsatisfactory in patients receiving 
magnesium sulfate for toxemia of pregnancy, because magnesium salts 
enhance neuromuscular blockade. Dosage should usually be reduced, 
as indicated, in such cases. 
PRECAUTIONS: Although Pavulon has been used successfully in many 
patients with pre-existing pulmonary, hepatic, or renal disease, caution 
should be exercised in these situations. This is particularly true of renal 
disease since a major portion of administered Pavulon is excreted 
unchanged in the urine. 


ADVERSE REACTIONS: Neuromuscular: the most frequently noted 
adverse reactions consist primarily of an extension of the drug’s pharma- 
cological actions beyond the time period needed for surgery and 
anesthesia. This may vary from skeletal muscle weakness to profound 
and prolonged skeletal muscle relaxation resulting in respiratory insuffi- 
ciency or apnea. Inadequate reversal of the neuromuscular blockade by 
anticholinesterase agents has also been observed with Pavulon (pan- 
curonium bromide) as with all curariform drugs. These adverse reactions 
are managed by manual or mechanical ventilation until recovery is 
judged adequate. 

Cardiovascular: A slight increase in pulse rate is frequently noted. 

Gastrointestinal: Salivation is sometimes noted during very light anes- 
thesia, especially if no anticholinergic premedication is used. 

Skin: An occasional transient rash is noted accompanying the use of 
Pavulon. 

Respiratory; One case of wheezing, responding to deepening of the 

inhalational anesthetic, has been reported. 
DRUG INTERACTION: The intensity of blockade and duration of action 
of Pavulon is increased in patients receiving potent volatile inhalational 
anesthetics such as halothane, diethyl ether, enflurane and methoxy- 
flurane. 

Prior administration of succinylcholine, such as that used for endo- 
tracheal intubation, enhances the relaxant effect of Pavulon and the 
duration of action. If succinylcholine is used before Pavulon, the admin- 
istration of Pavulon should be delayed until the succinylcholine shows 
signs of wearing off. 

DOSAGE AND ADMINISTRATION: Pavulon should be administered only 
by or under the supervision of experienced clinicians. DOSAGE MUST 
BE INDIVIDUALIZED IN EACH CASE. See package insert for suggested 
dosages. 

CAUTION: Federal law prohibits dispensing without prescription. 


Reference: 
1. Stanley and Liu, Anesth Analg 56:669, 1977 


A PART OF zona INC 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


ADDRESS CHANGE NOTICE 


International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please change my mail address for ANESTHESIA and 
ANALGESIA, effective 








From— (Current or former address) 





Street Address 








City, State, Zip Code 


Important: Show your name and address exactly as 
your Journal is now addressed. 





To—(New Address) 





Street Address 








City, State, Zip Code 








Print Your Name 
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Anesthesia and Analgesia 
BACK ISSUES AVAILABLE 


Available at $3.00 per Issue 
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Vol. Year Numbers Available Vol. Year Numbers Available 
33 1954 - 2 3 4 5 6 41 1962 = 2 3 4 5 6 
34 1955 1 2 3 4 5 6 42 1963 - = 3 4 5 6 
35 1956 1 2 3 - 5 6 43 1964 1 - 3 4 5 6 
36 1957 - 2 - - - 6 44 1965 = 2 3 4 5 6 
37 1958 1 2 3 4 5 6 45 1966 - 2 3 4 5 6 
38 1959 - 2 3 4 - 6 46 1967 - 2 3 4 - 6 
39 1960 = - 3 4 5 6 47 1968 - 2 3 4 5 6 
40 1961 - - 3 4 5 6 48 1969 1 2 3 = 5 c 
Available at $4.50 per Issue 
Vol. Year Numbers Available Vol. Year Numbers Available 
49 1970 1 - - - 5 6 54 1975 - 2 3 - - 6 a 
50 1971 1 2 3 - - - 55 1976 - 2 3 4 5 6 
51 1972 = 2 3 - - 6 56 1977 1 2 3 4 5 6 
52 1973 1 2 3 4 5 6 57 1978 1 2 3 4 5 6 
53 1974 - 2 3 4 - 5 
Available at $5.50 per Issue 
Vol. Year Numbers Available 
58 1979 1 2 3 4 5 6 (only six issues published) 
59 1980 - 2 3 4 5 6 r 8 a 10 
SINGLE ISSUES PRIOR TO 1954: Write to publisher at address below for listing of issues available at $2.00 each. 
BOUND VOLUMES AVAILABLE: $8.00—For Years 1947, 1948, 1949; $10.00— For Years 1953, 1955 
OTHER PUBLICATIONS AVAILABLE: 
"Basic and Clinical Physiology of the Liver" (Supplement to Sept.- Oct. 1965 issue)— $3.00. 
Ten-Year (1960-1969) Cumulative Index—$3.00. 
Ten-Year (1970-1979) Cumulative Index— $3.00. 
1979 (53rd Congress) Review Course Lectures— $5.00. 
1980 (54th Congress) Review Course Lectures & Abstracts— $5.00. 
International Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 
Please send me the publications circled above, or listed hereunder: = 


C Check for $ enclosed. 
O Please send bill with understanding that ordered material will be sent when payment is received. 


Name 
Address 
City, State, Zip 























(28) 


P e: * 


in control. 


Y 
# 


| 
Í 
EC 


ET h Te NY 


—— o — ———— —À— 
} f 


| 


p 


j 


— 


’ 


—UP—À —n n 
— 
uss 
i ee 


n—  — —— se me an 


í 
| 
| 
i 
f 


An anesthesia ventilator must work with 
you and your patients to provide efficient 
breathing support. And it must be easy 
to use, with a minimum of adjustments. 


In short, it must be simple...like the 
Ohio* V5 Controller Ventilator. 


You just dial in typical breathing pa- 
rameters to baselines clearly marked on 
the control panel: lE = 1:2, 10 breaths 
per minute, 7.5 LPM volume. From 
these points you adjust the unit to pre- 
cisely match your patients needs. 
Quickly and easily. With a minimum of 
guesswork. 


All told. the Ohio V5 places everything 
you need for anesthesia ventilation at 
your fingertips. Including a manual 


khrasth contro! 


Simple on the outside. Advanced on 
the inside. 


The Ohio V5 utilizes a hybrid fluidic 
pneumatic logic system to control all 
ventilator functions, even the integral 
low pressure alarm. Its quietly reliable 
SO you Can concentrate on patient man- 
agement, not the equipment. 


The Ohio V5 Controller Ventilator helps 
uncomplicate your anesthesia proce- 
dures with simple controls. To keep you 
in control. 


RIO Medical Products 


$ $ MT 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
55th CONGRESS to be held MARCH 8-12, 1981 
PEACHTREE PLAZA HOTEL, ATLANTA, GEORGIA 


GENERAL MEETING INFORMATION 





SCIENTIFIC PROGRAM: 


The deadline for receipt of abstracts of papers for consideration by the Program Committee has passed. Abstracts 
which were submitted by the August 22, 1980 deadline date will be acknowledged by the Program Committee 
Chairman: E. Paul Didier, M.D., Department of Anesthesiology, Mayo Clinic, Rochester, Minnesota 55901. 


SCIENTIFIC EXHIBITS: 


The deadline for submitting scientific exhibit applications is December 31, 1980. Application forms are available from: 
B. B. Sankey, M.D., International Anesthesia Research Society, 3645 Warrensville Center Rd., Cleveland, Ohio 44122. 
Tel: (216) 295-1124. 


TECHNICAL EXHIBITS: 

Commercial firms may obtain application forms from the I.A.R.S. exhibit management company: Charles B. Slack, 
Inc., 6900 Grove Rd., Thorofare, New Jersey 08086. Tel: (609) 848-1000. 

MEETING REGISTRATION MATERIAL: 


Meeting registration and hotel reservation cards will be mailed in December 1980 to all I.A.R.S. members, associate 
members and educational members. Members residing outside of the U.S. who wish to attend the meeting should 
advise the I.A.R.S. Cleveland office by December 1 so that registration material can be sent airmail. 


MARK YOUR CALENDAR NOW—PLAN TO ATTEND THIS IMPORTANT CONTINUING MEDICAL 


EDUCATION ACTIVITY 
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ANESTH ANALG 
59:815-825 1980 


Intercostal Nerve Block: A Roentgenographic 
Anatomic Study of Technique and Absorption in 
Humans 


Daniel C. Moore, MD,* William H. Bush, MD,} and James E. Scurlock, MDt 





Moore, D. C., BUSH, W. H., AND SCURLOCK, J. E.: Intercostal nerve block: a roentgenographic anatomic study of 
technique and absorption in humans. Anesth Analg 59:815-825, 1980. 


Roentgenograms of iothalamate meglumine 6096 (Conray) injected bilaterally into the intercostal grooves of the ninth 
or tenth ribs in 30 surgical patients showed extensive spread of the contrast centrad and peripherally from the site of 
injection within 30 seconds, with almost complete absorption within 10 minutes 30 seconds. The spread was visualized 
in two patients for diagnosis using CT (computed tomography) following injection of iothalamate. It was also confirmed 
by injecting liquid latex into two corpses prior to autopsy. These findings help to explain why the peak plasma level 
occurs more rapidly and is higher following intercostal nerve block than from other regiona! nerve blocks when 
comparable doses are injected. Also, the study revealed that the optimal site for blocking an intercostal nerve is at the 


angle of the rib and that the optimal needle is one with a short bevel. 


Key Words: ANESTHETIC TECHNIQUES: regional: intercostal nerve block. 





HI5 STUDY was undertaken in an attempt to 

answer the following controversial questions re- 
garding intercostal nerve block. (1) Why is absorption 
more rapid (10 to 15 minutes as compared to 20 to 30 
minutes) after intercostal nerve block, resulting in 
5076 to 9076 higher peak and mean plasma levels of 
the drug than after epidural or caudal block or block 
of the major nerves of the upper and lower extremi- 
ties?'^? (2) Does percutaneous blocking of the inter- 
costal nerves at the angles of the ribs with the patient 
in the prone or lateral decubitus (side) position (our 
usual technique) have any advantages over injecting 
these nerves, with the patient supine, anterior to the 
posterior axillary line—that is, anterior to the teres 
major and the latissimus dorsi muscles, which are 
considered to be the posterior boundaries of the 
axilla?” We and others"! have stated the latter ap- 
proach to be a satisfactory technique. (3) Is the quality 
of the resulting analgesia different if the point of the 
needle on its initial percutaneous insertion contacts 
the rib at its caudal edge, as compared to the middle 
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t Staff Anesthesiologist, Department of Anesthesiology. 

Received from the Departments of Anesthesiology and Radiol- 
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publication June 30, 1980. 
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of its cephalad-caudad width or cephalad to it? (4) 
Should a needle with a short (2 mm) as compared to 
a long (4 mm) bevel be used for intercostal nerve 
block?" (5) Will 5 ml, as compared to 3 ml, of the 
local anesthetic drug result in a more profound block? 
Finally, why does cardiovascular and/or respiratory 
collapse occasionally occur following intrathoracic in- 
jection of the intercostal nerves when it has not been 
observed by us following percutaneous injection of 
the intercostal nerves? 


Method 


The Human Rights Committee of the Virginia Ma- 
son Medical Center approved the protocol. The initial 
study of 30 surgical patients would be conducted, 
with the other two (CT [computed tomography] and 
autopsy of corpses) dependent upon those findings. 
Even in the initial 30 patients, certain unpredictable 
results in the first few patients altered the preplanned 
protocol. All of the injections of the radiopaque agent 


and liquid latex were done by one of the authors 
(D.C.M.). 


Surgical [ntercostal Nerve Block (N = 30) 


These were performed in patients who were sched- 
uled for upper abdominal operations (ventral or dia- 
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FiG 1. Nasogastric tube seen coiled in hiatal hernia. Needles 
inserted correctly on ninth ribs, 7.5 cm from spinous processes 
of the vertebrae—that is, at angle of ribs. Injection of 5 ml of 
iothalamate bilaterally. Hubs of needles are 1 and 2. A and C 


phragmatic hernias, gastrectomies, cholecystectomy) 
and in whom, regardless of physical status, bilateral 
block of the lower seven intercostal nerves supple- 
mented with light general anesthesia and intubation 
is our routine method of anesthesia. Prior to perform- 
ing the block for the surgical procedure with the local 
anesthetic drug, the ninth or the tenth costal groove 
in the rib was injected bilaterally with iothalamate 
and roentgenograms were taken. 

Radiopaque Agent. In the first patient, iothalamate 
sodium meglumine injection (Conray-400, iothala- 
mate sodium meglumine injection, USP 66.8% 668 
mg/ml [osmolarity = 2.1 mOsm/ml]) was injected. 
Although the patient was well sedated, he became 
restless and developed severe intercostal muscle 
spasm; respirations stopped, and ventilation was dif- 
ficult. The two intercostal nerves that had been in- 
jected with the iothalamate sodium were immediately 
blocked with 5 ml of 0.596 bupivacaine with 1:320,000 
epinephrine, and these signs reversed, permitting the 
roentgenography. For the remainder of the study, a 
different solution of the drug, iothalamate meglumine 
injection (Conray, iothalamate meglumine injection, 
USP 60% 600 mg/ml [osmolarity = 1.5 mOsm/ml)]), 
which is less irritating to tissue, was used. 

Sedation during Block. Premedication was given 
before bringing the patient to surgery. Nonetheless, 
additional sedation was administered prior to inject- 
ing the iothalamate because its injection produces 
some discomfort. 

Technigue. The technique of intercostal nerve 
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indicate points of needles in correct position on lower borders 
of ninth ribs. 4 and B as well as 5 and 6 show the extent of 
spread of iothalamate. 


block has been previously described. However, the 
following points deserve emphasis. The blocks were 
done with the patient in the prone position using a 
3.6 cm (1% in), 22-gauge needle with a short bevel (2 
mm) and a security bead. In the first 25 of 30 patients, 
depending on the size of the patient, the needle was 
inserted 6 to 7.5 cm lateral to the spinous process of 
the vertebra directly medial to the rib to be blocked— 
that is, at approximately the angle of the rib (Figs 1 to 
3). In the last five patients, the needle was inserted 15 
cm lateral to the spinous process of the vertebra 
directly medial to the rib to be blocked— just posterior 
to the posterior axillary line (Figs 4 and 5). In 29 of 
the patients, the point of the needle was initially 
directed so as to contact correctly the caudad edges of 
the ribs (Figs 1 and 3 to 5). In the first of the 25 
patients blocked 7.5 cm from the spinous process, the 
needle on the left side was correctly placed (Fig 2A, 
needle 1), but on the right side its point was placed in 
the middle of the caudad-cephalad width of the rib 
(Fig 2A, needle 2). Then the point of the needle was 
walked caudad on the rib. When it lost contact with 
the rib, the needle was advanced 3 to 4 mm, depend- 
ing on the size of the patient. In all but the last three 
patients, the needle was moved inward and outward 
2 mm from that position as the iothalamate was 
injected. In the last three patients, for reasons stated 
in “Results,” the needle, after losing contact with the 
rib and being advanced 3 mm past the rib’s edge, was 
fixed in position—not moved forward and back- 
ward—as the iothalamate was injected. In 20 of the 





FiG 2. Needles inserted on ninth ribs, 7.5 cm from spinous 
processes of vertebrae—that is, at angle of ribs. Injection of 5 
ml of icthalamate bilaterally. A, Needle 1 is correctly placed on 
lower edge of rib. Needle 2 is incorrectly placed in middle of rib. 
Arrows indicate position of point of needle. B, Needle 1 can be 
walked off rib and into groove in rib with point directed cephalad. 
Needle 2 cannot be walked off rib, and it points caudad and 
rests in intercostal muscles. Arrows indicate position of point of 
needle. C, Spread of contrast solution along groove of rib after 
injection of 5 ml of iothalamate through correctly placed needle 


1 as compared to that injected through incorrectly placed needle 
2, where spread occurs into intercostal muscles. Arrows delin- 
eate extent of spread of iothalamate. D, Patient in position for 
surgery with bar for retractors across patient's chest (patient is 
now supine, roentgenogram is oriented for comparison with A, 
B, and C). Spread of solution alongside of vertebra for two 
vertebrae above and one vertebra below body of vertebra whose 
rib was correctly injected. Note marked decrease in visibility of 
iothalamate as compared to C. Arrows delineate area of spread. 
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first 25 patients, including the one in whom the needle 
on one side was purposely misplaced, as well as in 
the last five of the 30 patients, 5 ml of iothalamate 
was injected through each needle (Figs 1, 2, 4, and 5). 
In the other five patients, 3 ml was injected through 
each needle (Fig 3). After completing the injection of 
the iothalamate, the needle’s point was returned to its 
initial position on the rib and posteroanterior roent- 
genograms were taken at 30 seconds, 1 minute 30 
seconds, 2 minutes 30 seconds, and 4 minutes 30 
seconds. Subsequent to the 4-minute 30-second 
roentgenogram, a lateral roentgenogram was taken. 
The lower seven intercostal nerves were then imme- 
diately blocked bilaterally 6 to 7.5 cm from the spi- 
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Fic 3. Needles inserted 7.5 cm from spinous processes of 
vertebrae at 10th ribs—that is, at angle of ribs. Injection of 3 ml 
of iothalamate bilaterally. Hubs of needles are 1 and 2; A and C 
are points of needles; 4 and B as well as 5 and 6 show the 
extent of spread of iothalamate. 


nous processes of the vertebrae for the surgical pro- 
cedure, using 5 ml of 0.5% bupivacaine (Marcaine) 
with epinephrine (Adrenalin) 1:320,000 per rib. Last, 
the patients were turned supine, preparation for sur- 
gery was started, and 10 minues 30 seconds from the 
completion of the injection of the iothalamate, an 
anteroposterior roentgenogram was taken. All timing 
was done with a stopwatch. 


Intercostal Nerve Block Using CT (Computed 
Tomography) 


In two patients scheduled for diagnostic blocks, one 
intercostal nerve was blocked 7.5 cm from the spinous 


INTERCOSTAL NERVE BLOCK 





Fic 4. Needles inserted 15 cm from spinous processes of 
vertebrae at 10th ribs—that is, just posterior to posterior axillary 
line. Injection of 5 ml of iothalamate bilaterally with needles 
moved forward and backward. Hubs of needles are 1 and 2; A 


Fig 5. Needles inserted 15 cm from spinous processes of 
vertebrae at tenth ribs—that is, just posterior to the posterior 
axillary line. Injection of 5 ml of iothalamate bilaterally with 
needles fixed in place—that is, not moved forward and back- 


process using CT to demonstrate correct needle po- 
sition and spread of the local anesthetic drug, partic- 
ularly that alongside the vertebrae (Fig 6). The solu- 
tion injected into the costal groove was a mixture of 
2.5 ml of the iothalamate meglumine and 2.5 mg of 
0.75% bupivacaine. This solution was painless, re- 
quiring no sedation of the patients. 

Computed tomography was done with a General 
Electric 8800 CT/T body scanner, utilizing a scan time 
of 9.6 seconds and a section thickness of 10 mm. 


Intercostal Nerve Block in Two Corpses 


Finally, to confirm conclusively the spread of the 


and C are points of needles; 4 and B show the extent of spread 
of iothalamate on right side; 5 shows iothalamate mainly in 
muscle; 3 shows iothalamate between visceral and parietal 
pleura. 





ward. Hubs of needles are 1 and 2; A and C are points of 
needles, which are difficult to see; 4 and B as well as 5 and 6 
show the extent of spread of iothalamate. 


injected agent, 5 ml of a blue liquid latex was injected 
bilaterally under the lower border of the tenth ribs in 
two corpses prior to autopsy (Fig 7). On one side the 
needle was inserted 7.5 cm from the spinous process. 
The technique of placement of this needle and the 
injection of the latex was identical with that practiced 
in the first 20 surgical patients in whom the needles 
were correctly placed when injecting the iothalamate 
(Fig 1). On the other side, the needle was inserted 15 
cm from the spinous process. The technique of place- 
ment of this needle and the injection of the latex was 
identical with the last three surgical patients given 
injections of iothalamate (Fig 5). At autopsy, the 
spread of the solution was observed. 
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Fia 6. A, C; shows needle's point (arrow) correctly positioned 
below cauda:' edge of tenth rib. B, Arrows delineate centrad 


Results 


Injection of 5 ml Through "Properly" Placed 
Needle 6 to 7.5 cm from Spinous Process of 
Vertebra (Fiz 1) 


All roentgenog^ams are positioned so that the pa- 
tient’s and the reader’s sides are the same. 

First Posteroante ior Roentgenogram. Thirty sec- 
onds after the inject on was completed, the majority 
of the iothalamate hed spread centrad 7.5 cm and 
peripherally 7.5 cm from the needle's bevel in the 
costal groove of the rib, as well as caudad and ceph- 
alad along the vertebral bodies. The intercostal vein 
was outlined by contrast. As a result of the inward 
and outward movement (“jiggling”) of the needle 
during the injection, some of the iothalamate could 
be visualized in the external intercostal muscle fibers 
which course obliquely downward lateral to the back 
of the thorax as well as in the internal intercostal 
muscle, whose fibers also course obliquely but pass 
in a direction opposite to those of the external inter- 
costal muscle (Figs 1 and 2C).° 

Second and Third Posteroanterior Roentgenogram. 
One minute and 2 minutes later, no marked change 
had occurred from the previous roentgenogram. 

Fourth Posteroanterior Roentgenogram. At four 
minutes 30 seconds after completion of the block, the 
iothalamate in the groove of the rib had faded mark- 
edly but that along the body of the vertebra was 
clearly visible (Fig 1). 

Lateral Roentgenogram. This x-ray was of no help 
in tracking the spread of the iothalamate anterior and 
posterior along the vertebra because the iothalamate 
could not be differentiated from the body of the 
vertebra. 
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spread of 5 ml of bupivacaine-iothalamate solution approxi- 
mately 1 minute after completion of injection. 


Anteroposterior Roentgenogram. Ten minutes 30 
seconds after completion of the block, the iothalamate 
under the rib was barely visible. It was still visible 
along the body of the vertebra, and its spread cepha- 
lad had increased as much as three vertebrae. Caudad, 
it had spread to the vertebra below the one whose rib 
was injected. These two observations were singularly 
noticeable in the first patient, into whom the greater 
iodine concentration was injected (Fig 2D). 


Injection of 5 ml Through “Improperly” Placed 
Needle 6 to 7.5 cm from Spinous Process of 
Vertebra (Figs 2A and 2B, needle 2) 


The iothalamate did not spread in the costal groove 
of the rib. It outlined the internal and external inter- 
costal muscles from the rib injected to the one below 
(Fig. 2C). 


Injection of 3 ml Through “Properly” Placed 
Needle 6 to 7.5 cm from Spinous Process of 
Vertebra (Fig 3) 


At 30 seconds and at 4 minutes 30 seconds, as well 
as in the roentgenograms taken at the intervening 
intervals, the spread from the point of the needle of 
the 3 ml of iothalamate along the groove in the rib 
was similar to but somewhat less than that which 
resulted from the injection of 5 ml (Fig 3 compared 
with Fig 1). At 10 minutes 30 seconds, the amount of 
iothalamate under the rib appeared to be markedly 
less, and although its spread alongside the vertebra 
had increased, it remained at the body of the vertebra 
of the injected rib (Fig 3). 


INTERCOSTAL NERVE BLOCK 


$ . 1 v T 4 " ! ` , ! oC .— FE 
P X NEA a = ARR 
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FiG 7. Spread of 5 ml of blue liquid latex injected bilaterally 
under tenth rib of a corpse. The pleura as well as the subserous 
and endothoracic fascia have been removed. The tenth rib is 
10; 1 is the intercostal nerve, 2 the intercostal vein; and 3 the 


Injection of 5 ml 15 cm from Spinous Process of 
Vertebra (Figs 4 and 5) 


The first two of the last five patients were given 
injections while the needle was being moved inward 
and outward. The iothalamate on the right side spread 
in the space under the lower edge of the rib approx- 
imately 7.5 cm posteriorly from the point of injection, 
but its anterior spread could not be accurately deter- 
mined (Fig 4). On the opposite side, although some 
of the iothalamate spread posteriorly, most of it re- 
mained as a bolus under the rib (Fig 4). Perhaps the 
most significant and unexpected finding on this side 
was the presence of the contrast in the pleural cavity 
(Fig 4); but there was no evidence of irritation nor did 
a pneumothorax result. 

Because of this last finding, in the final three pa- 
tients the needle was fixed in place after it was 
advanced inward when its point lost contact with the 
rib, rather than moving it forward and backward 
when injecting the iothalamate. Doing this kept the 
iothalamate from entering the pleural cavity (Fig 5). 
In these three patients, in whom the needle had not 
punctured the endothoracic fascia, the subserous fas- 
cia, and the pleura (Fig 8), the iothalamate spread 








intercostal artery. A, Injection made 15 cm from spinous process 
of vertebra. B, Injection made 7.5 cm from spinous process of 
vertebra. 
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FiG 8. Cross-section schematic anatomy of a rib. 


from the needle’s bevel posteroanteriorly 5 to 7.5 cm. 
However, it did not spread to the vertebra. Further- 
more, it consistently delineated the fibers of the in- 
tercostal muscles. 


Computed Tomography (Fig 6) 
Scanning of the needle placement and the spread 
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of the injected solution confirmed: (1) placement of 
the needle off the caudad edge of the rib; (2) spread 
of the solution injected in the costal groove for ap- 
proximately 7.5 cm peripherally from the needle’s 
point and medially (centrad) past the costovertebral 
junction (articulation of the rib with the transverse 
process); (3) separation of the solution from the lung 
by the combined endothoracic fascia, the subserous 
fascia, and the pleura; (4) spread of the solution along 
the vertebra injected, as well as along three vertebrae 
cephalad and one vertebra caudad; (5) spread of the 
solution anterior to the costovertebral junctions to the 
midpoints of the bodies of the vertebrae; and (6) no 
entry of the solution into the intervertebral foramen. 


Autopsy of Corpses (Fig 7) 


The spread of the latex injected 7.5 cm from the 
spinous process confirmed the spread of the iothala- 
mate seen with the roentgenographic techniques (Fig 
7B compared with Fig 1). The removal of the pleura, 
the subserous fascia, and the endothoracic fascia re- 
vealed the spread of the liquid latex along the lower 
edge of the rib and under the endothoracic fascia 
centrad and peripherally for approximately 7.5 cm in 
each direction from the needle’s point (Fig 7B). 

Likewise, the spread of the liquid latex from the 
site of the injection 15 cm from the spinous process 
of the vertebra confirmed the roentgenograms (Fig 7A 
compared with Figs 4 and 5). The dissection of the 
intercostal nerves in which the injection was made 15 
cm from the spinous process of the vertebra showed 
that the intercostal nerve had branched approximately 
12 to 14 cm from the spinous process of the vertebra. 
Although a branch of the nerve remained under the 
lower edge of the rib, a large branch along with an 
artery and a vein had penetrated and coursed away 
from the rib anteriorly and caudad into the internal 
intercostal muscle (Fig 7A). The liquid latex accom- 
panied that nerve from the point where it branched 
for approximately 2.5 cm. 


Discussion 


This study was undertaken primarily to investigate 
bilateral block of the lower seven intercostal nerves 
and the discussion relates to them; nonetheless, it is 
germane to the other intercostal nerves. 


High Plasma Drug Levels following Intercostal 
. Nerve Block 


The agent spread rapidly (30 seconds) and to an 
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unexpected extent in the costal groove and intercostal 
muscles (Fig 8). Its rapid absorption is indicated by 
the marked decrease in density of the iothalamate 
over a period of 10 minutes. This accounts for the 
high blood or plasma levels of local anesthetic drugs 
which occur in approximately 10 minutes following 
intercostal nerve block, particularly when seven in- 
tercostal nerves are blocked bilaterally.’ 

Whereas the physical characteristics of the iothal- 
amate may differ from a local anesthetic drug, the 
rapid uptake of the radiopaque material indicates that 
the area injected is one from which rapid absorption 
occurs. 


Optimal Site for Injecting Intercostal Nerve(s) 


Gray’s description® of the anatomy of the thoracic 
cage as well as a recent investigation by Nunn and 
Slavin” support our contention that the optimal site 
for injecting the intercostal nerves and avoiding a 
pneumothorax is at the angles of the ribs. Here the 
rib is the thickest, the costal groove, which no longer 
exists 15 cm from the spinous process, is the broadest 
and deepest, and the intercostal nerve has not 
branched (Figs 7A and 8).5 ? 

The only drawback to executing the block at this 
site is that the patient must be prone or in the lateral 
decubitus (side) or sitting position. Performing an 
intercostal nerve block in the more convenient supine 
position and anterior to the posterior axillary line 
where no groove in the rib exists, where the caudad 
edge of the rib is the narrowest, and where the 
intercostal nerve has already branched (Fig 7A) results 
in a higher incidence of unsatisfactory anesthesia and 
increases the possibility of a pneumothorax (Fig 4). 


Correct Compared to Incorrect Placement of 
Needle's Point 


When placing the needle on the rib, the needle's 
point must be correctly placed on the lower (caudad) 
edge of the rib (Fig 2A, needle 1) and not improperly 
placed at or above the middle of the rib's cephalad- 
caudad width (Fig 2A, needle 2). Otherwise, when the 
needle's point is “walked off the rib," its point will 
not enter the costal groove of the rib as it should (Fig 
2B, needle 1) but will rest in the intercostal muscles 
(Fig 2B, needle 2). Although a block of an intercostal 
nerve may occur with an incorrectly placed needle, 
the resulting anesthesia is not as profound nor as long 
as with a properly placed needle. 


/N 
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INTERCOSTAL NERVE BLOCK 


Short-Beveled (2 mm) Compared to Long-Beveled 
(4 mm) Needles 


Regardless of the regional block technique being 
used, a short- as compared to a long-beveled needle 
results in less trauma to the nerve and more accurate 
placement of the local anesthetic solution." ? In ad- 
dition, when performing an intercostal nerve block, 
use of a short-beveled needle helps to avoid a pneu- 
mothorax. 

Unfortunately, most of the needles found in single- 
use (disposable) regional block trays that can be used 
for intercostal nerve blocks have long bevels. If such 
a needle is used for block of the lower seven inter- 


costal nerves, the site of its insertion should not 


exceed 7.5 cm from the spinous process of the verte- 
bra. Even at this distance, the moving of such a needle 
inward and outward after it has been inserted 3 to 4 
mm past the inferior edge of the costal groove (Fig 8) 
can result in pneumothorax. Therefore, when a needle 
with a long bevel is used and when it has been 
advanced this distance, it is fixed in place as the local 
anesthetic solution is injected—not moved forward 
and backward. Furthermore, when a needle with a 
long bevel contacts a rib, the point is likely to be bent 
(“barbed”), causing damage to tissue, particularly a 
nerve or blood vessel, when the needle is moved 
inward and outward. 


Volume of Solution Needed for Intercostal Nerve 
Block 


Although one of the staff anesthetists (D.C.M.) 
consistently uses 5 ml to block the intercostal nerves, 
3 ml accurately deposited into the costal groove 
spreads to approximately the same extent as 5 ml (Fig 
1 compared with Fig 3). Therefore, if the dosage 
(concentration and volume) of the local anesthetic 
drug needed for an extensive intercostal nerve block 
or for a block of the intercostal nerves with other 
nerves exceeds the recommended total milligram dose 
when 5 ml is injected at each rib, either 3 or 4 ml can 
be injected. Whether 5 ml compared to 3 or 4 ml 
results in a longer duration of analgesia has yet to be 


> determined. 


Spread of Solution Along Vertebra 


Five milliliters of iothalamate injected 7.5 cm from 
the spinous process of the vertebra appeared to spread 
to bathe the spinal nerves, the sympathetic chain, and 
at least the intercostal nerves above and below the 
one that was blocked (Figs 1 to 3). However, it did 


not spread entirely around the 5ody of the vertebra 
to bathe the sympathetic chain because the endo- 
thoracic fascia fuses with the periosteum at the mid- 
point of the body of the vertebra as demonstrated by 
Fig 6B and confirmed by Pernkopf’’; neither did it 
enter the intervertebral foramen or bathe the spinal 
nerve (Fig 6B). Clinical results of percutaneous block 
of the lower seven intercostal nerves bilaterally with 
a local anesthetic drug support the conclusion that 
only the intercostal nerve injected is blocked because 
such a block seldom produces hypotension and failure 
to block accurately one intercostal nerve—for exam- 
ple, the 10th thoracic nerve, when the ninth and 11th 
are adequately blocked— results in unsatisfactory an- 
algesia during surgery. 


Complications 


During this investigation, no complications oc- 
curred other than marked irritation caused by the 
sodium salt of iothalamate during the block in the 
first patient, in whom no sequelae resulted. 

Hypotension, Apnea, Cardiac Arrests, and Other 
Complications. This study did not determine the spe- 
cific reason for these complications following intra- 
thoracic as compared to percutaneous intercostal 
nerve blocks and reported by others.” "t We avoid 
injecting solutions intraneurally and/or into long 
dural cuffs as suggested by these authors by moving 
the needle forward and backward and not injecting 
proximal to the angle of the ribs. 

The hypothesis that such complications can result 
from a toxic blood level of bupivacaine secondary to 
general anesthesia, especially halothane (Fluothane), 
decreasing blood flow to the liver, thus slowing de- 
toxification of bupivacaine is not supported by our 
clinical experience.? We routinely employ 225 to 400 
mg of bupivacaine with epinephrine 1:320,000 to 
1:400,000 for bilateral block of the lower seven inter- 
costal nerves for upper intra-abdominal surgery and 
then supplement the resulting satisfactory analgesia 
with 0.5% to 1.5% halothane. From 1966 when we first 
investigated bupivacaine through 1979, this technique 
has been used in 3,348 patients with American Society 
of Anesthesiologist's physical status ratings of 3, 4, 
and 5 with no such hemodynamic complications.*?! 

To conclude, perhaps surgeons who have experi- 
enced such complications should consider the alter- 
native intrathoracic method of blocking the intercostal 
nerve for postoperative pain relief—namely, freez- 
ing.” 

Pneumothorax. Many anesthesiologists avoid inter- 
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costal nerve block believing that the incidence of 
pneumothorax is high (up to 19%). We have found 
just the opposite—that is, from 1948-1979, 12 pneu- 
mothoraces following 16,414 intercostal nerve blocks 
in 13,525 patients (0.09%). Residents in anesthesia did 
90% of these blocks. We agree with Nunn and Slavin”? 
that it is a safe procedure and, indeed, the ultimate 


procedure to eliminate pain during and following - 


upper intra-abdominal surgery. ` 

No pneumothoraces occurred during this study, 
but the first two patients in whom the block was 
executed 15 cm from the spinous processes of the 
vertebra could be termed “close calls” (Fig 4). This 
study confirms that blocking the intercostal nerves at 
a distance significantly greater than 6 to 7.5 cm from 
the spinous processes (at a point where the entire rib, 
but especially its caudad edge, has significantly nar- 
rowed) is inviting a pneumothorax, even if a needle 
with a 2-mm bevel is used. 

Systemic Toxicity. None occurred in this study 
when the intercostal nerve block for the surgical 
procedure was performed. Our experience incicates 
that when systemic toxicity occurs following intercos- 
tal nerve block, it is due to absorption not an inad- 
vertent intravascular injection and occurs 3 to 10 
minutes after completion of the block." Why toxicity 
is so infrequent after intercostal nerve block when it 
results in the highest, most rapidly occurring plasma 
levels of the local anesthetic drug of any regional 
block technique was not answered by the study. For 
example, in reports involving 6,872 such blocks, two 
convulsions resulted (0.03%) with no sequelae.” ?? 


Use of CT for Diagnostic or Therapeutic Intercostal 
Nerve Block 


When doing diagnostic or therapeutic intercostal 
nerve blocks, CT is the most accurate way to ascertain 
correct needle placement and dispersion of a solution 
prior to injecting the anesthetic drug. The use of CT 
is not suggested for routine intercostal nerve olock. 
But, prior to injecting a neurolytic agent, confirmation 
of needle placement and solution spread by injecting 
a small amount of a contrast agent could be helpful. 
Whether the cost-benefit ratio of using the CT is 
worthwhile will vary with the experience of the an- 
esthetist. 


Conclusions 


The high, rapidly occurring plasma levels of local 
anesthetic drugs following intercostal nerve block are 
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a result of quick, extensive spread, with rapid uptake 
and almost complete absorption in 10 minutes. To 
assure satisfactory anesthesia and a low incidence of 
pneumothorax following intercostal nerve block, the 
optimal site for injection is 6 to 7.5 cm lateral to the 
spinous processes of the vertebrae and the optimal 
needle is one with a 2-mm bevel. 
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Endogenous Opiates and Chemical Control of Breathing 


Endogenous opiates are found in large concentrations in the brainstem of vertebrate animals, 
suggesting that they may play a role in the central control of breathing. To examine this possible role 
in human ventilatory control the effect of naloxone on the ventilatory and mouth occlusion pressure 
(Po.1) responses to hypercapnia and hypoxia was determined in six normal men 22 to 48 years of age. 
In a random double-blind cross-over study, each subject received both an intravenous infusion of 50 
mg of naloxone and a placebo infusion of normal saline. Ventilatory responses were measured before 
and 5 minutes after each infusion. Ventilatory responses to hypercapnia and hypoxia were more 
marked after both the saline and naloxone infusions, but there was no significant difference in the 
responses between the two infusions. Similarly, there was no significant difference in respiratory 
timing or mean inspiratory flow between the two infusions at an arterial oxygen saturation (Sao, ) 
29596. The authors conclude that endogenous opiates have no major influence on the chemical 
control of breathing in normal humans. (Fleetham JA, Clarke H, Dhingra 5, et al: Endogenous opiates 
end chemical control of breathing in humans. Am Rev Respir Dis 121:1045-1049, 1980) 


Antibodies in Severe Halothane-Associated Hepatitis 


Circulating antibodies reacting specifically with the cell membrane of hepatocytes isolated from 
halothane-anesthetized rabbits were detected in nine of 11 patients with fulminant hepatic failure 
after halothane-induced anesthesia. The immunoglobulin deposition, as revealed by immunofluores- 
cence, showed a granular pattern on the hepatocyte surface membrane. Preincubation of halothane- 
pretreated, but not of control, hepatocytes with serum containing this antibody rendered them 
susceptible to cytotoxic effects of normal lymphocytes in vitro. Control studies using serum from 
subjects repeatedly exposed to halothane without the development of liver damage and from patients 
with viral and toxic liver injury have confirmed the specificity of these findings to severe halothane- 
associated liver injury. These results provide further evidence of an immunologic component in this 
condition. (Vergani D, Mieli-Vergani G, Alberti A, et al: Antibodies to the surface of halothane- 
altered rabbit hepatocytes in patients with severe halothane-associated hepatitis. N Engl J Med 303: 
66-71, 1980) | 
See also —Dienstag JG, Editorial: Halothane hepatitis. Allergy or idiosyncrasy? N Engl J Med 303: 
102 -104, 1980) 
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The influence of alcohol on the concentrations of halothane necessary to produce anesthesia, respiratory arrest, and 
cardiac failure was studied in rats. The effect of alcohol was investigated in the following circumstances: (1) during 
acute intoxication; (2) during chronic intoxication; (3) following withdrawal from chronic intoxication; and, (4) after 
reintoxication during withdrawal. Significant differences in halothane concentrations between alcohol-treated and 
control (no exposure to alcohol) rats included: (1) halothane concentration in the brain at the onset of anesthesia 
during acute intoxication (12.2 mg/100 g) and following withdrawal from chronic intoxication (38.1 mg/100 g) 
compared with control rats (27.8 mg/100 g); (2) halothane concentration in the brain at the onset of respiratory arrest 
during acute intoxication (49.5 mg/100 g) and during chronic intoxication (55.6 mg/100 g) compared with control 
rats (63.6 mg/100 g); and, (3) halothane concentration in the heart at the onset of cardiac failure during acute 
intoxication (45.4 mg/100 g), during chronic intoxication (67.6 mg/100 g) and after reintoxication (61.6 mg/100 g) 
compared with control rats (81.6 mg/100 g). The results indicate that acute and chronic intoxication with alcohol 
should be viewed as separate entities with respect to their influence on halothane anesthesia. Specifically, acute 
administration of alcohol reduces anesthetic requirements more than it reduces the toxic concentrations of halothane. 
Chronic administration of an adequate quantity of alcohol produces tolerance to its own anesthetic, respiratory, and 
cardiac effects. This tolerance is more marked with regard to respiratory depression than it is to anesthesia and 
cardiac depression. Alcohol also produces cross-tolerance to the anesthetic effects of halothane. Tolerance to the 
three studied effects persists in varying degrees after withdrawal; cross-tolerance persists only to the anesthetic 
effects of halothane. The marked quantitative differences between the anesthetic, respiratory, and cardiac interactions 
between alcohol and halothane suggest that the extent of one interaction must not be used to predict the extent of 
another. 


Key Words: ALCOHOL: intoxication; ANESTHETICS, Volatile: halothane; INTERACTIONS (DRUG): alcohol. 





NECDOTAL information concerning the inter- 
action between alcohol and anesthetic agents is 
plentiful. Unfortunately, experimental data are sparse. 
Johnstone et al’ working with mice reported that the 
anesthetizing dose for alcohol was 5.09 g/kg, that the 
effects of alcohol and isoflurane were complementary 
although not mathematically additive, and that anes- 
thetic requirements were increased for a prolonged 
period after withdrawal from chronic alcohol intake. 
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Han? and Barbert reported an increase in the MAC 
for halothane in chronically alcoholic patients. There 
are no reports available on the interaction of alcohol 
and anesthetic agents on respiratory or cardiac func- 
tion. In a previous study? we administered halothane 
to two groups of rats to produce anesthesia (in one 
group the endpoint was where the animal just ceased 
to respond to a tailclamp; in the other the endpoint 
was where it just started to respond; the arithmetic 
mean of all the results was used to determine estab- 
lishment of anesthesia); respiratory arrest, defined as 
cessation of respiration (no observable movement of 
chest or abdomen) for 30 seconds; and cardiac failure, 
defined as any change in electrocardiographic rhythm 
or configuration that did not return to normal within 
2 minutes of ventilation with pure oxygen. We meas- 


t Barber RE: Anesthetic requirements in alcoholic patients. An- 
nual Meeting of the American Society of Anesthesiologists, Chi- 
cago, IL, 1978, pp 623-624. 
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ALCOHOL INTOXICATION 


ured the concentration of halothane in the brain and 
heart at each of these end points and used them to 
construct the following “anesthetic indices”: 

1. Kespriatory anesthetic index (Al,) is defined as 
the ratio of the brain concentration of halothane at 
respiratory arrest to the brain concentration of halo- 
thane at establishment of anesthesia. 

2. Cardiac anesthetic index (AI.) is defined as the 
ratio of the heart concentration of halothane at cardiac 
failure to the heart concentration of halothane at 
establishment of anesthesia. 

3. Cardiorespiratory anesthetic index (Ale) is de- 
fined as the ratio of the heart concentration at cardio- 
vascular failure to the heart concentration at respira- 
tory arrest. 

The numerator of each index represents a deeper 
or more toxic level of anesthesia than the denomina- 
tor. Therefore, the larger the value of the index the 
greater is the margin of safety between the levels 
compared. In the present study we have utilized the 
same technique to provide data on the interaction 
between alcohol and halothane. 


Methods and Materials 


As in a previous study,’ male Sprague-Dawley rats 
were used and all experiments were performed in the 
morning to avoid the influence of circadian variation. 
Preliminary studies were carried out to determine a 
suitable dose of alcohol. It was determined that 1 ml 
of absolute alcohol given intraperitoneally would re- 
sult in blood alcohol levels of approximately 200 mg/ 
100 g. These levels were usually attained within 1 
hour and remained fairly stable for the following 
hour. Therefore, in all studies involving acute admin- 
istration of alcohol this dosage was used and subse- 
quent endpoints were all determined between 1 and 
2 hours after injection. 

Four groups, each comprising 40 rats, were studied. 
In each group 20 rats were used to study anesthesia 
(response to tail clamping), 10, respiratory arrest, and 
10, cardiac failure. At each endpoint the halothane 
concentration was measured in the heart and brain. 
The techniques for determining endpoints, measuring 
the halothane concentrations, and assessing statistical 
significance were identical with those used in prior 
studies.? 4 

The following technique was used to measure 
ethanol levels. Water standards containing 1 and 2 g/ 
100 ml were prepared from absolute alcohol. Twenty- 
microliter samples of blood or standard were mixed 


with 0.5 ml of water containing methyl ethyl ketone 


(0.7 ml/100 ml of water) as an internal standard. One- 


microliter injections were then compared by gas chro- 
matography under the following chromatographic 
conditions: column, %-in glass; 0.2% Carbopak C (80- 
to 100- mesh); Carrier gas, nitrogen, 25 ml/min; oven 
temperature, 80 C; injection port temperature 225 C; 
detector, flame ionization, temperature 275 C. 


Group 1—Acute Intoxication 


All rats in this group received 1 ml of absolute 
alcohol intraperitoneally. Anesthesia, respiratory ar- 
rest, or cardiac failure was produced between 1 and 
2 hours later. In addition to the concentrations of 
halothane in the brain and heart, the concentration of 
alcohol was determined in a bload sample obtained 
from the heart chambers after sacrifice. 


Group 2—Chronic Intoxication 


Rats in this group were fed with the Lieber-DeCarli 
isocaloric rat diet (Bio-Serv Inc, Frenchtown, NJ) to 
which alcohol was added to obtain a 6% concentra- 
tion. No other source of nourishment was available to 
these rats. They were maintained on the diet for a 
minimum of 21 days. Similar experiments and meas- 
urements were then performed without any period of 
withdrawal from alcohol. 


Group 3—Chronic Intoxication: Withdrawal 


Rats in this group were also fed the Lieber-DeCarli 
diet for a minimum of 21 days but with alcohol added 
to produce a concentration of 10% (see “Discussion”. 
In this group the alcohol was withdrawn for 24 to 48 
hours prior to performance of the same experiments 
as in previous groups. 


Group 4—Chronic Intoxication: Withdrawal- 
Reintoxication 


Rats in this group were treated similarly to those in 
group 3 but prior to experimentation 1 ml of absolute 
alcohol was injected intraperitoneally. Experiments 
similar to those in the other groups were carried out 
and as in group 1 endpoints were determined between 
1 and 2 hours after alcohol injection. 


Results 


The mean concentrations of halothane in the brain 
and heart and the corresponding blood alcohol levels 
determined at the various endpoints are shown in 
Tables 1 and 2. In addition, the concentrations ob- 
tained in the previous study of rats with no exposure 
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TABLE 1 
Halothane Concentration in Brain and Alcohol Concentration in Blood* 
Anesthesia Respiratory arrest 
Group 
Halothane Alcohol Halothane Alcohol 
mg/100g 

1 (acute intoxication) 12.2 + 0.91 242 X 7 49.5 x 1.71 210 x 13 
2 (chronic intoxication) 25.5 * 13 172 + 21 95.6 + 2.2] 146 + 27 
3 (chronic intoxication: withdrawal) 38.1 + 0.6T 0 64.7 + 1.5 0 
4 (chronic intoxication: withdrawal- 26.8 + 1.4 219 4 13 61.3 + 1.5 223 + 16 

reintoxication) 
5 (control) 27.8 + 0.6 0 63.6 + 2.3 0 

* Values are means + SEM. 
T Statistically different from control group. 
TABLE 2 
Halothane Concentration in Heart and Alcohol Concentration in Blood* 
Anesthesia Respiratory arrest Cardiac failure 
Group 
Halothane Alcohol Halothane Alcohol Halothane Alcohol 
mg/100g 

1 (acute intoxication) 9.0 + 0.61 242 t7 42.0 € 1.1T 210 x 13 45.4 + 0.91 216 + 14 
2 (chronic intoxication) 21.5 t 1.2 172 x 2] 41.9 + 1.81 146 + 27 67.6 + 3.91] 193 x 22 
3 (chronic intoxication: 34.1 + 0.81 0 56.3 + 1.5 0 84.3 + 1.8 0 

withdrawal) 
4 (chronic intoxication: 25.1 + 1.0 219 4 13 56.1 + 3.5 223 + 16 61.6 + 5.17 216 + 13 

withdrawal-reintoxication) 
5 (control) 26.8 + 1.1 0 54.9 + 1.7 0 81.6 + 1.2 0 


* Values are means + SEM. 
+ Statistically different from control group. 


to alcohol are shown for comparison (group 5, con- 
trol). Table 3 shows the anesthetic indices derived 
from the measured concentrations. The statistically 
significant differences between the brain concentra- 
tions, heart concentrations, and anesthetic indices in 
the control and the other groups are also indicated in 
the Tables (95% confidence levels were accepted as 
significant throughout this study). 


Discussion 


A group of rats, not reported here, was fed 6% 
alcoho: for a minimum of 21 days. The alcohol was 
withdrawn for 24 to 48 hours and the anesthetic 
endpoint then studied. It was found that the require- 
ments were not greater than those of the control rats. 
As it was felt that more valuable information con- 
cerning the withdrawal period would be obtained if 
tolerance were produced and as a previous report? 
indicated that this would be accomplished with a 
greater alcohol intake, the rats in groups 3 and 4 were 
fed 10% alcohol. 

The fact most immediately apparent from results 
of the present study is that the effect of alcohol on 
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anesthetic requirements cannot be used to predict its 
effect on respiratory or cardiac toxicity. The differ- 
ence between anesthetic, respiratory, and cardiac ef- 
fects is most obvious when group 1 is compared with 
the control group. Acute alcohol intake reduces the 
concentration of halothane necessary to produce an- 
esthesia more markedly than it reduces that necessary 
to produce respiratory arrest or cardiac failure. This 
leads to an increase in both respiratory and cardiac 
indices. Although this indicates a greater margin of 
safety in the acutely intoxicated than in the sober rat 
this must be viewed against the reduction in the 
absolute amount of halothane necessary to produce 
cardiac arrest in the presence of acute intoxication. 
Clinical practice rarely involves the titration of an 
inhalation agent to the production of analgesia alone. 
Rather, concentrations are predicated on the admin- 
istrator's previous experience. Because of this the 
absolute reduction in the toxic dose is clinically more 
important than the increase in index. The Ale of 1.1 
indicates the close relationship between cardiac arrest 


‘and respiratory failure and emphasizes the potential 


hazard induced by the alcohol. This was obvious 
during the actual experiments when a number of rats 
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TABLE 3 
Anesthetic Indices 
Respiratory Cardiac Cardiorespi- 
Group index index ratory index 
(AL) (Al,) (Alc) 
1 (acute intoxication) 4.0* 5.0* 1.1* 
2 (chronic intoxication) 2.2 3.0 1.6 
3 (chronic intoxication: 1.7* 2.5* 1.5 
withdrawal) 
4 (chronic intoxication: 2.3 2.5* 1.1* 
withdrawal- l 
reintoxication) 
5 (control) 2.3 3.0 1.6 





* Statistically different from control group. 


died in cardiac failure before the respiratory arrest 
endpoint was attained. 

The same discrepancy between the anesthetic and 
toxic effects of alcohol is present in the other groups. 
It is least marked in group 2 in which the indices are 
not different from those of the control rats. Even in 
this group, however, there is a small but significant 
reduction in the concentration of halothane in the 
heart at cardiac arrest, while the reduction in the brain 
content at anesthesia is insignificant. Johnstone et al’ 
demonstrated that whereas 79% of the anesthetic dose 
of ethanol reduced isoflurane requirements by 70%, 
39% of the dose reduced requirements by only 8%, 
and 20% did not reduce requirements at all. Because 
of this nonlinear response and the disparity in blood 
alcohol levels at anesthesia in groups 1 and 2 it is not 
possible to compare these groups for this endpoint. 
However, at cardiac failure the alcohol blood levels 
are sufficiently similar to make comparison valid and 
the results indicate the development of tolerance 
either to the cardiac depressant effects of alcohol, or 
halothane, or both during chronic alcohol intake. 

The results in group 3 with respect to anesthesia 
are similar to those of Johnstone et al.’ When com- 
pared to group 5 they indicate that when sufficient 
alcohol is imbibed over a long enough period of time, 
not only does cross-tolerance to the anesthetic effects 
of halothane develop but this persists after alcohol 
intake ceases. The halothane concentrations at respi- 
ratory arrest and cardiac failure, however, are similar 
to those of group 5, indicating that if tolerance to 
these effects develops, it does not persist after alcohol 
withdrawal. The discrepant effects on anesthesia, res- 
piratory arrest, and cardiac failure, again seen in this 
group, lead to a reduction in the Al, and AL, sug- 
gesting a reduced margin of safety. However, it must 
be noted that the toxic concentrations of halothane 
are similar to those seen in the control group. This 


situation is the reverse of that in group 1 in which an 
apparently increased margin of safety is accompanied 
by a reduction in the concentration of halothane 
necessary to produce respiratory arrest or cardiac 
failure. 

Group 4 illustrates the acute effects of alcohol 
following withdrawal from chronic administration. 
When compared with the control group, the AI. has 
been reduced, demonstrating a reduction in the mar- 
gin of safety. This reduction is of the same numerical 
order as that seen in group 3; however, it is of a more 
dangerous type because it is brought about by a 
reduction of toxic concentrations in the face of anes- 
thetic concentrations similar to those seen in the 
control animals. The Al, is the same as that in group 
5, demonstrating that a discrepancy exists between 
the cardiac and respiratory effects as well as between 
the cardiac and anesthetic effects of alcohol. The Aler 
is similar to that of group 1, the other group receiving 
alcohol acutely, suggesting that acute intoxication 
whether in previously unexposed or in chronically 
exposed rats, brings the stage of cardiac failure very 
close to that of respiratory arrest. 

The concentration of halothane producing cardiac 
arrest in group 4 is significantly greater than that in 
group 1, despite identical alcohol concentrations. This 
demonstrates a degree of tolerance to cardiac depres- 
sion in group 4. However, this tolerance is not com- 
plete as the concentration in group 4 is less than that 
in group 5. No tolerance to the cardiac effects of 
halothane is demonstrated in group 3. The tolerance 
seen in group 4, therefore, must be tolerance to the 
cardiac effects of the alcohol itself as these experi- 
ments were performed at the same stage of with- 
drawal as those in group 3. Similar reasoning may be 
applied to respiratory effects. Thus comparison be- 
tween groups 4 and 1 shows some tolerance to res- 
piratory depression in the reintoxicated rats. How- 
ever, withdrawn rats (group 3) show no tolerance to 
the respiratory effects of halothane when compared 
to rats in group 5. The tolerance to respiratory de- 
pression seen when group 4 is compared with group 
5 must therefore be tolerance to the alcohol itself. In 
addition as there is no difference in the halothane 
concentrations in these two groups this tolerance is 
complete. With respect to anesthesia the results in 
group 4 at first appear similar to those for respiration 
and suggest complete tolerance to the anesthetic effect 
of alcohol. Interpretation is more complicated, how- 
ever, because of the persistance of tolerance to the 
anesthetic effects of halothane demonstrated in group 
3, effects that appear to have been mitigated by the 
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reintroduction of alcohol. Thus the alcohol must be 
producing some degree of anesthesia in group 4, so 
that tolerance to this effect is not complete, resem- 
bling the cardiac rather than the respiratory effects. 
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Errata 


In the paper "Physostigmine Antagonizes Ketamine" by A. Toro-Matos et al (Anesthesia and 
Analgesia 59:764-767, 1980) there are errors on pages 765 and 766, the fifth paragraph under 
"Results." The text should read: The duration of nystagmus was 19.4 + 1.7 minutes after physostig- 
mine, 39.6 + 1.3 minutes after placebo (p < 0.001) (Fig 5). Blurred vision lasted 22.7 + 1.4 minutes 
after physostigmine compared with 50.3 + 2.9 minutes after placebo (p < 0.001) (Fig 6). 


In the paper "Resistance to Non-depolarizing Muscle Relaxants in Paretic Upper Extremities of 
Patients with Residual Hemiplegia by S. S. Moorthy and John C. Hilgenberg (Anesthesia and 
Analgesia 59:624-627, 1980) the diagram of Fig 2 (p 625) is incorrect. Fig 2 and legend, which is 


correct on page 625, are shown below. 


PARETIC NORMAL 


i 8 3 O ANESTHESIA AND ANALGESIA 
Vol 59, No 11, November 1980 


FiG 2. At the end of surgery the train-of-four was 1.0 on the 
paretic side and 0.5 on the normal side. The train-of-four ratios 
were redrawn from the original EMG recordings to improve 
clarity. 


E. 


^« 5A. 


ga 


ANESTH ANALG 
59:831-834, 1989 


Goal-Directed Therapy of Acute Respiratory Failure 
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GALLAGHER, T. J., AND CIVETTA, J. M.: Goal-directed therapy of acute respiratory failure. Anesth Analg 59:831-834, 
1980. 


Three hundred fifteen consecutive patients with acute respiratory failure (ARF) were treated to the same end point. 
Based on blood gas determination, positive end-expiratory pressure (PEEP) was added in incremental steps to either 
maintain or reduce intrapulmonary shunt to 15%. Mean optimal PEEP level was 15.3 + 9.2 cm H20. Duration of PEEP 
was 4.0 days, and mechanical ventilatory support was necessary 2.2 days. Overall mortality was 28% (88/315); 1% 
(3/315) died of refractory respiratory failure. The final optimal PEEP level did not correlate with length of interventions, 
fluid requirements, mortality, or final attained shunt value. Goal-directed therapy was not only effective in achieving a 
low mortality from acute respiratory failure, but permits a valid comparison between patients of the severity of 


respiratory dysfunction. That comparison is based on magnitude and length of interventions required to attain 


preselected therapeutic end points. 


Key Words: VENTILATION: positive end expiratory; LUNGS: acute respiratory failure. 





OSITIVE END-expiratory pressure (PEEP) and 

mechanical ventilation are effective in the treat- 
ment of acute respiratory failure (ARF)."^ However, 
their implementation is not usually based on objective 
clinical data. A consistent treatment regimen for 315 
consecutive patients with ARF utilized goal-directed 
therapy. The criteria for institution and discontinua- 
tion of mechanical ventilatory support and PEEP were 
always identical for all patients. This is a basic depar- 
ture from other treatment modalities previously de- 
scribed in the literature.*° Severity of illness and 
therapeutic response were then based on the length 
and magnitude of interventions. 


Methods 


ARF was defined as a Pao, < 55 torr (Fio, > 0.21) 
or an intrapulmonary shunt (Qsp/Qt) above 15% with 
or without radiographic changes. ARF occurred sec- 
ondary to multiple system trauma, intra-abdominal 
sepsis. pneumonia, aspiration of gastric contents, or 
prolonged intra-abdominal operative procedures. 

Inital interventions included tracheal intubation, if 
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not already accomplished, mechanical ventilatory 
support, and PEEP. 

PEEP was added in 3- to 5-cm HeO increments to 
maintain or reduce Qsp/ Qt to 1595. When shunt was 
not calculated a Pao,/Fro,' ratio of greater than 300 
was the goal of therapy. After attainment of the 
preselected end point, patients were maintained at 
that PEEP level for a minimum of 6 hours. PEEP was 
then sequentially lowered, again in 3- to 5-cm HO 
increments, as long as shunt did not exceed 15% to 
18%. Normalization of blood gas exchange indicated 
by Qsp/Qt of 15% or less Œ Io, = 0.45) while breathing 
spontaneously against 5 cm HeO PEEP, fulfilled the 
requirements for extubation and discontinuation of 
respiratory support. 

PEEP was maintained with either a pressurized 
water column over a diaphragm (J. H. Emerson Co) 
or an opposing flow Venturi device (Bird-3M Corp). 

Intermittent mandatory ventilation (IMV)? was uti- 
lized independently of PEEP to maintain adequate 
alveolar ventilation. The mechanical ventilator (IMV- 
Bird, Bird-3M; MA-1, Puritan-Bennett; or IMV Emer- 
son-J. H. Emerson Co) delivered a tidal volume (12 
ml/kg) at a rate sufficient to maintain a Paco, of 35 to 
45 torr and a pH > 7.35 while the patient's own 
spontaneous rate remained less than 30 breaths per 
minute. À continuous flow anesthesia bag-reservoir 
system or a low resistance demand value delivered 
gas for spontaneous ventilation. 

An indwelling arterial line and balloon-tipped ther- 
modilution pulmonary arterial catheter were inserted 


ANESTHESIA AND ANALGESIA 
Vol 59, No 11, November 1980 831 


TREATMENT OF ACUTE RESPIRATORY FAILURE 


whenever PEEP was in excess of 15 cm H2O,” or if 
known or suspected cardiovascular compromise was 
present. 

When necessary, enhancement of cardiac preload 
included use of balanced electrolyte solutions and 
whole blood. Optimal stroke volume was usually 
obtained at pulmonary arterial occlusion pressures of 
15 to 17 torr. 

Diminished myocardial contractility was inferred 
when cardiac index was low in the presence of normal 
or elevated preload and reduced or normal systemic 


vascular resistance. Inotropic support included intra- - 


venous calcium chloride (2 g/20 min) and intravenous 
digitalis (1.25 to 1.52 mg in 8 hours). If cardiac index 
was still inadequate, as indicated by a mixed venous 
oxygen tension (Pvo,) of less than 30 torr or an 
arteriovenous oxygen content different (A-Vo,D) 
greater than 5.5 m]/100 ml, dopamine was infused 
intravenously at rates up to 10 ug/kg/min. 

Systemic vascular resistance (SVR) was the clinical 
indicator of afterload. When SVR was above 2000 
dynes. cm?. sec, preload was normal or elevated, and 
cardiac index was low, afterload reduction was initi- 
ated. Sodium nitroprusside was infused intravenously 
at rates of 0.5 to 3.5 ug/kg/min until SVR was below 
1600 dynes-cm ?-.sec. Therapy was continued if car- 
diac index improved. 

Measured data included arterial and mixed venous 
blood gases and pulmonary arterial, pulmonary arte- 
rial occlusion, central venous pressure, and mean 
arterial pressure, Cardiac output was determined by 
thermodilution. Calculations were made of the cardiac 
index, arterial-venous oxygen content differences, 
Qsp/Qt, pulmonary vascular resistance, and systemic 
vascular resistance. Data also included duration of 
PEEP and IMV. The optimal level of PEEP and the 
positive fluid balance at that level are reported for 
each patient group. .- joo 

Statistical evaluation included paired t-test as well 
as regression coefficient analysis. 


Results 


In a 10-month period 315 patients with ARF were 
admitted to the intensive care unit and treated in 
accordance with the above criteria. 

The mean age was 52.7 + 17.8 years with a range 
of 12 to 94 years. The mean, maximal, optimal level 
of PEEP necessary to maintain the intrapulmonary 
shunt at 15% or less was 15.3 + 9.2 cm H20. Mean 
duration of PEEP was 4.0 days. IMV support was 
carried out for 2.1 days. The difference between du- 
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ration of IMV and PEEP represents the period the , 


patient was treated with continuous positive airway 
pressure, 

Fig 1 depicts the number of patients in each optimal 
PEEP range. As expected, the vast majority required 
modest levels of 10 to 25 cm H20. The time required 
to reach maximal optimal PEEP, duration of PEEP, 
and duration of IMV at each level of PEEP are dis- 
played in Table 1. 

For all PEEP levels the statistical correlation be- 
tween the highest optimal PEEP required and the total 


' duration of PEEP therapy had an r value of 0.64. Since 


95% of the patients required 30 cm H2O water or less 
of PEEP the r value was computed for that patient 
group (r = 0.68). 

Optimal PEEP levels were compared with the length 
of IMV therapy. The r value was 0.61 for all patients 
and 0.64 for those again requiring 30 cm H20 or less 
PEEP. There was a poor correlation between the high- 
est optimal PEEP level and the time required to reach 
that level. The r value was 0.48 for all patients and 
0.47 for those with 30 cm H20 or less PEEP. 
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Fig 1. Number of patients at each optimal level of PEEP. Note 
that vast majority required less than 25 cm H20 PEEP. 
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TABLE 1 
PEEP and IMV* 


Days to reach 


PEEP . N maximal opti- Days of PEEP Days of IMV 
mal PEEP 
cm H;,O l l 
1-5 8 1.0 + 0.46 1.1 + 0.58 0.81 + 0.26 
6-10 69 1.4 + 0.69 1.7 + 0.88 0.94 + 0.40 
11-15 58 1.8 + 0.77 3.8 + 1.0 1.98 + 0.97 
16-20 78 2.5 € 0.97 2.1 «x 1:8 3.71 + 1.6 
21-25 54 2.5 + 0:92 5.7 4 1.9 3.96 x 1.5 
26-30 27 2.4 X 1.0 6.1 *£25 3.89 + 2.0 
31-35 8 2.6 + 0.74 8.2 + 4.6 6.38 + 4.6 
36-40 3 2.0 + 1.0 3.6 + 1.5 2.67 + 1.5 
41-45 2 2.0 + 0.1 2.5 071 4.00 + 1.4 
245 3 2.5 + 1.0 8.6 4 2.5 6.67 + 2.5 
re 47 r= .64 r= .64 


* Values are number of days + SD. 
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Fig 2 and Table 2 depict the fluid balance at the 
highest optimal PEEP level. The r value for all patients 
was 0.54. Excluding the 16 patients requiring more 
than 30 cm H2O of PEEP the r value was 0.69. 

Fig 3 indicates the increasing requirements for in- 
otropic support with higher levels of PEEP. Compared 
to increasing PEEP levels, calcium and digitalis had r 
values of 0.97 + 0.92, respectively. Dopamine had r 
value of 0.60. 

Inasmuch as the therapy succeeded in reducing 
shunt to 1596 there is no correlation between highest 
optimal PEEP level and shunt. The incidence of pneu- 
mothorax, 4.896 (15 patients), did not correlate with 
the various levels of PEEP. 

Overall mortality was 2896 (88/315). Three patients 
(196) died of refractory respiratory failure. The other 
85 deaths were due to various combinations of car- 
diogenic shock, sepsis, and acute renal failure. 


Discussion 


Goal-directed therapy of ARF permits objective 
evaluation of a selected treatment regimen. The pro- 
tocol described here is based on detection of changes 
in blood gas exchange including a Qsp/Qt greater 
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Fia 2. Fluid balance at each level of PEEP. Lack of correlation 
suggests that fluid requirements are more related to present 
illness than to PEEP therapy. 


P 


TABLE 2 
Positive Fluid Balance 
PEEP l Fluid 
cm H:0 L 
1-10 1.65 zx 1.3 
10-20 5.22 4 1.9 
20-30 6.89 + 2.4 
30-40 4.03 +437 
>40 8.83 + 5.8 
r = 0.54 


* Values are liters + SD. 
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Fig 3. Inotropic support at each level of PEEP. Increased PEEP 
correlated well with the need for the various agents. 


than 15% and/or a Pao,/Fio, ratio of less than 300, 
When either alteration occurred, mechanical ventila- 
tory support including PEEP was initiated. Treatment 
was therefore independent of and sometimes was 
begun before radiographic changes or true hypoxemia 
were identified. 

The highest PEEP required to ensure 15% shunt can 
imply and may quantitate the severity of pulmonary 
dysfunction. The pathophysiology of acute respira- 
tory failure is most likely due to an accumulation of 
lung water. Since we cannot yet measure or quantitate 
extravascular pulmonary water we have come to rely 
on other indices such as compliance or radiographic 
changes. However, these do not necessarily correlate 
with discrepancies of blood gas exchange. Clinically 
gas exchange as indicated by intrapulmonary shunt 


or Pao, can be more reliable parameters of dysfunc- 


tion. If treatment end points remain constant for all 
patients, then the variations in magnitude of therapy 
may provide more insight into quantitating the sever- 
ity of the initial insult. 

The end point selected, shunt reduction to 1596, 
correlates with an alveolar-arterial oxygen difference 
(A-aDo, of 300 or more” (Fro, = 1.0), provided 
cardiac index is normal. Since most authors consider 
a shunt greater than 15% as indicative of ARF, shunt 
reduction to that value should indicate reversal or 
stabilization of the disease process. 

Inasmuch as all patients had incremental PEEP” 
added until the same end point was reached, that 
maximal optimal PEEP level was considered an indi- 
cator of the severity of pulmonary dysfunction. The 
greater the hindrance to blood gas exchange, the 
higher the PEEP necessary to restore or maintain a 
1596 shunt. 

One might assume that other factors such as length 
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of the interventions would also indicate the severity 
of the disease process. However, with all r values 
being less than 0.7 there was not a strong relationship 
between the highest optimal PEEP and duration of 
either IMV or PEEP therapy. These data do not sug- 
gest that patients requiring higher PEEP necessarily 
have an increased duration of therapy; in fact, recov- 
ery may be better related to therapy chosen (shunt 
reduction with PEEP) rather than to the initial severity 
of the pulmonary disorder. Additionally, the role of 
early treatment, before radiographic changes occur, 
on rate of recovery is unclear. 

The mean duration of 2.2 days to reach the highest 
optimal PEEP indicates the continuing course of the 
disease. Shunt reduction to 15% was usually reached 
within 1 to 2 hours after initiation of treatment. 
However, it was frequently necessary to increase PEEP 
continually as the disease course progressed. 

The lack of correlation between the time interval to 
optimal PEEP level and final optimal PEEP indicates 
that the more severely diseased lungs are not neces- 
sarily more difficult to treat successfully. Instead, 
resolution indicated by successful shunt reduction 


proceeded rapidly despite apparently more severe: 


disease. 

Previous work has indicated that volume loading 
may be necessary to maintain cardiac index and stroke 
volume in patients with ARF, especially when high 
levels of PEEP are required.” The lack of correlation 
between the optimal PEEP levels and fluid balance is 
of particular importance. If increased fluid adminis- 
tration contributed to respiratory dysfunction, then 
highest optimal PEEP levels should correlate with the 
largest positive fluid balances. Instead, some of the 
highest PEEP levels were associated with some of the 
lowest, and in some cases negative, fluid balances. 
The reverse was also true. Fluid administration there- 
fore seems more related to the underlying disease 
than to PEEP. 

There was a strong correlation between the require- 
ment for inotropic support and higher PEEP levels. It 
is unclear whether it was related to PEEP or the basic 
disease process, and it may be a combination of both. 

The 1% mortality resulting directly from respiratory 
failure confirms the effectiveness of our therapeutic 
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regimen. In addition, the lack of correlation between 
PEEP and morbidity or mortality confirms the safety 
of the method. 

If the indications for initiation of treatment as well 
as end point of therapy remain constant, than an 
objective evaluation of the results can be undertaken. 
This standardized method permits such an undertak- 
ing. Comparison of respiratory dysfunction between 
individual patients or patient groups all treated in the 
Same manner is based on the degree of any interven- 
tion. Additionally, the final optimal PEEP level quan- 
titates the magnitude of the insult. 

In summary, goal-directed therapy with PEEP, 
IMV, and cardiovascular support resulted in an ex- 
tremely low mortality due to ARF. The method per- 
mits objective comparison between patients since the 
level of intervention indicates the severity of respira- 
tory failure. ) 
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Phenylephrine-Induced Hypertension in Dogs 
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NIELSEN, N. C., AND Rusy, B. F.: Effect of sodium nitroprusside on directly measured myocardial oxygen consumption 
curing phenylephrine-induced hypertension in dogs anesthetized with halothane. Anesth Analg 59:835-838, 1980. 


Fegional myocardial O consumption (MVo,) was measured directly as the product of left anterior descending coronary 
artery blood flow and coronary arteriovenous O; content difference in eight dogs anesthetized with 1% halothane in 
C». following thiopental induction. Changes in MVo,, brought about by infusions of phenylephrine and sodium 
nitroprusside, were compared with simultaneously observed changes in some readily obtainable indirect indices of 
MVo, such as the tension-time index and the heart rate-blood pressure product. During halothane alone average 
values of mean arterial pressure and regional MVo, were, respectively, 81 mm Hg and 3.6 ml of O2/min. When mean 
arterial pressure was increased to 126 mm Hg (average) and held there for 27 minutes by continuously infusing a 
dilute solution of phenylephrine, regional MVo, averaged 5.4 ml/min. When mean arterial pressure was lowered to 77 
mam Hg for a 36-minute period by infusing sodium nitroprusside (phenylephrine infusion maintained), regional MVo, fell 
to 2.5 ml/min. There was a high and significant correlation between changes in directly measured regional MVo, and 
simultaneously observed changes in mean arterial pressure, tension-time index, and heart rate-blood pressure. These 
r2sults indicate that during halothane anesthesia in healthy dogs, changes in readily obtainable indirect indices of 
MVo, such as the tension-time index and heart rate-blood pressure product, accurately characterize changes in 


MVo, directly measured. 


key Words: HEART: oxygen consumption. 





ODIUM NITROPRUSSIDE (SNP) is sometimes 

used intraoperatively with the intent to. reduce 
myocardial oxygen consumption (1)."? The rationale 
for this is based upon observations, made in both 
Fumans and animals, that cardiac afterload and other 
tension-related, indirect indices of MVo, are de- 
creased by SNP. However, little information regarding 
tne effect of SNP on directly measured MVo, during 
enesthesia is available. Such information is needed 
since it is known that myocardial wall tension does 
not uniquely determine MVo,*? 
instances, the tension-related indices of MVo, do not 
correlate well with myocrdial O» consumption deter- 


* Present address: Havallagata 37, Reykjavik 101, Iceland. 

1 Professor of Anesthesiology, University of Wisconsin. 

Received from the Department of Anesthesiology, University of 
YVisconsin Center for Health Sciences, 600 Highland Avenue, 
Madison, Wisconsin 53792. Accepted for publication July 28, 1980. 
Presented at the 54th Congress of the International Anesthesia 
Research Society, March 9-13, 1980, Reno, Nevada. 

Reprint requests to Dr. Rusy. 


and that, in some 


mined by direct measurement."^" In the present 
study we have observed the effect of SNP on directly 
measured regional MVo, during phenylephrine-in- 
duced hypertension in dogs anesthetized with halo- 
thane. We have compared this with the simultane- 
ously observed effects of SNP on the tension-time 
index, heart rate-blood pressure product, and mean 
arterial pressure. 


Methods 


Healthy dogs, weighing 18 to 26 kg (mean 21.5 kg), 
were studied. Without premedication, the dogs were 
anesthetized with intravenous thiopental, average 
dose 23 mg/kg, and the trachea intubated. Halothane, 
1% in O» inspired, was used to maintain anesthesia. 
The dogs were mechanically ventilated, to hold end 
tidal Pco, between 30 and 40 mm Hg. The femoral 
artery was cannulated. Following left thoracotomy 
and pericardiotomy, a polyethylene catheter was 
placed in the left ventricle via the left atrium. Another 


ANESTHESIA AND ANALGESIA 
Vol 59, No 11, November 1980 


835 


MYOCARDIAL OXYGEN CONSUMPTION 


catheter was introduced via the right external jugular 
vein and coronary sinus into the great cardiac vein 
running parallel to the left anterior descending coro- 
nary artery (LAD). The LAD was dissected free and 
an electromagnetic flow probe of appropriate diame- 
ter placed around it. A snare for occluding the LAD 
(zero flow baseline) was placed distal to the flow 
probe. Another electromagnetic flow probe was 


placed around the ascending aorta. Fig 1 shows the. 


catheter and flow probe placement. Flow probes were 
calibrated at each experiment by running saline 
through them at known rates. The aortic flow probe 
was also calibrated by comparing its mean flow re- 
sponse with cardiac output determined by the indi- 
cator-dilution (Cardiogreen) method. Pressures and 
flows were displayed on an Electronics for Medicine 
DR-8 recorder. During each experiment the following 
were recorded: ferroral arterial phasic and mean pres- 
sure, left ventricular pressure, left ventricular end- 
diastolic pressure, ascending aortic phasic and mean 
flow, and left anterior descending coronary artery 
phasic and mean flow. Zero baseline for LAD flow 
was obtained by briefly occluding the LAD distal to 
the flow probe. Measurements of LAD flow were not 
made during the period of reactive hyperemia which 
followed release of LAD occlusion. Also, a given 
experimental preparation was not used unless a 
marked reactive hyperemia was noted following LAD 
occlusion and release. The area under the left ventric- 
ular pressure curve was determined, by electronic 
integration, to obtain the tension-time index. The first 
time derivative of instantaneous aortic flow, i.e., ac- 
celeration of ejected blood (Q) was derived by elec- 
tronic differentiation as an index of left ventricular 
contractility.” The Os content of arterial and coronary 
venous blood samples was measured by an Instru- 
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Fig 1. Catheter and flow probe placement. Left lateral view of 
heart and great vessels. 
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mentation Laboratory Co-oximeter. Regional left ven- 
tricular MVo, was calculated as the product of LAD 
flow and myocardial A-Vo, difference." 

Following control measurements, a phenylephrine 
intravenous infusion was employed to increase mean 
arterial pressure from an average value of 81 mm Hg 
(control) to 126 mm Hg (hypertension). The average 
rate of infusion of phenylephrine was 2.41 + 2.2 (SD) 
ug/kg/min. After obtaining stable hypertension for 
an average of 27 minutes, all measurements were 
repeated. Sodium nitroprusside was then started by 
intravenous infusion (phenylephrine continued) to 


_ bring mean arterial pressure to an average value of 77 


mm Hg, where it was held for an average of 36 
minutes. A third set of measurements was obtained. 
The average rate of infusion of SNP was 4.05 + 1.41 
(SD) ug/kg/min. The average total dose of SNP was 
140 + 74 (SD) ug/kg. This dose falls well below the 
recommended maximum.” Statistical analysis was 
performed using a paired Student's t-test and linear 
regression. 


Results 


Results of successful experiments in eight dogs are 
presented. Phenylephrine infusion caused statistically 
significant increases in mean arterial pressure, left 
ventricular end-diastolic pressure, tension-time index, 
rate-pressure product, coronary flow, and directiy 
measured regional MVo,. Cardiac output, stroke vol- 
ume, heart rate, and contractility (Q) did not change 
significantly. Following the infusion of SNP there 
were statistically significant decreases in mean arterial 
pressure, left ventricular end-diastolic pressure, ten- 
sion-time index, rate-pressure product, coronary flow, 
and regional MVo,. Again, cardiac output, stroke 
volume, heart rate, and contractility did not change 
significantly. The average values of these variables 
(+SEM) are presented in the Table and in Fig 2. The 
correlation coefficients for changes in directly meas- 
ured regional MVo, vs changes in tension-time index, 
heart rate-blood pressure product, and mean arterial 
pressure are, respectively, 0.86, 0.82, and 0.93. These 
correlation coefficients are significant to the 95% con- 
fidence level or better. 


Discussion 


It has been well documented that SNP causes a 
lowering of cardiac afterload and preload, and, con- 
comitantly, a lowering of several of the tension-re- 
lated indirect indices of MVo, during anesthesia.‘ 
The contribution of the present study lies in our 
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TABLE 
Changes in MVo, and Hemodynamic Variables* 


Phenylephrine + SNP (P + S) 


Control (C) Phenylephrine (P) 

a te st a at 
MVo, (ml/min) 3.62 + 0.51 5.44 + 0.721 2.47 + 0.261 
MAP (mm Hg) 81 +4 126 4°57 77 X 3T 
LVEDP (mm Hg) 9.5 x 1.1 18.0 + 1.9t 10:3 £ 1.77 
TTI (mm Hg-s/min) 2,505 +116 4,035 + 2881 2,334 + 2087 
HR-MAP 12,964 + 688 18,023 + 1,4781 11,0385+ 1,0567 
HR (beats/min) 121 +5 111 +9 111 x8 
SV (ml) 29.3 4 3.6 31.9 X 4.3 27.7 x 933 
CO (ml/min) 3,517 + 431 3,516 +516 3,088 + 441 
Q (ml/s?) 7,879 + 1,137 6,610 +711 6,670 + 1,197 
LAD flow (ml/min) 25.0 + 2.4 39.6 + 3.8* 25.8 3.2T 
A-Vo, (ml) 14.5 + 1.2 13.8 x 1.2 -0.0 + 0.7T 





* Effect of phenylephrine infusion, followed by phenylephrine plus sodium nitroprusside (SNP) infusions. Values are + SEM. N 
= eight dogs. Abbreviations used are: MVo,, left ventricular regional O2 consumption; MAP, mean femoral arterial pressure; LVEDP, 
left ventricular end-diastolic pressure; TTI, tension-time index; HR x MAP, heart rate-blood pressure product; HR, heart rate; SV, 
stroke volume; CO, cardiac output; Q, maximum acceleration of left ventricular ejected blood; LAD flow, lef: anterior descending 


BA. 


a 


coronary artery flow; A-Vo,, coronary arteriovenous O» content difference. 


T Significant change (p « 0.01) from previous value. 


observation that, in dogs anesthetized with halothane, 
changes in the indirect indices of MVo, do indeed 
correlate well with simultaneously observed changes 
in MVo, determined by direct measurement. It is 
important to note that this good correlation cannot, a 
priori, be assumed. It is now appreciated that MVo, 
is not uniquely determined by cardiac afterload or by 
the derived mechanical variables which relate to ven- 
tricular wall tension. The ventricular contractile state 
is equally important and, although difficult to assess, 
must be taken into account if changes in MVo, are to 
be predicted accurately. ^ ^ Thus, afterload reduction 
following SNP administration may not result in de- 
creased MVo, if the favorable effect of reduced ven- 
tricular wall tension is offset by a reflexly induced 
increase in ventricular contractility. Pennington and 
associates!! observed an increase in myocardial con- 
tractility during SNP infusion in chloralose-urethane 
anesthetized dogs. Rowe and Henderson,” using dogs 
anesthetized with morphine, pentobarbital, and Dial- 
urethane, saw a significant increase in directly meas- 
ured MVo, following SNP which they attributed to 
the combined effects of increased heart rate and in- 
creased myocardial contractility. 

Our data indicate that the administration of phen- 
ylephrine, followed by SNP, to dogs anesthetized with 
halothane results in changes in directly measured 
MVo, which correlate well with simultaneously ob- 
served changes in mean arterial pressure, heart rate- 
blood pressure product, and tension-time index. Pos- 
sibly the most important reason for this good corre- 
lation is that myocardial contractility and heart rate 
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Fia 2. Effect of phenylephrine (P) infusicn followed by phenyl- 
ephrine + sodium nitroprusside (P + €). Abbreviations as in the 
Table. Values are + SEM. 


did not change significantly following administration 
of either drug. Constancy of heart rate and contractil- 
ity, two of the major determinants of MVo,,* would 
shift the primary responsibility for determining 
changes in MVo, to the third and remaining major 
determinant, afterload or myocardial wall tension. 
Under these circumstances, a good correlation be- 
tween directly measured MVo, and the tension-re- 
lated indirect indices of MVo, would be expected. 
The constancy of heart rate and myocardial contrac- 
tility, which we observed following changes in arterial 
pressure, may be explained by the finding of Epstein 
and associates"? and Price and Price’ that sympathet- 
ically mediated cardiovascular reflex responses to 
stimuli such as carotid sinus occlusion are markedly 
inhibited in dogs anesthetized with halothane. This 
degree of reflex depression may not occur to the same 
extent with all general anesthetics. 
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MYOCARDIAL OXYGEN CONSUMPTION 


Some discussion of what we call regional MVo, is 
warranted. We have defined it in a geographical sense 
as the Os consumption of the portion of myocardium 
supplied by the left anterior descending coronary 
artery. Our measurement does not provide any infor- 
mation concerning the transmural (epicardial to en- 
docardial) distribuzion of blood flow or Os consump- 
tion, a distribution which has been shown to be 
variable and dependent upon such factors as trans- 
mural pressure gradient, left ventricular end-diastolic 
pressure, regional myocardial wall stress, and ade- 
quacy of coronary blood flow.9 !? Consideration must 
therefore be given to the possibility that the Oz con- 
sumption of a portion of myocardium, e.g., the en- 
docardium, might change in magnitude or direction 
differently from our more global "regional" measure- 
ment. This would make the latter an inadequate, 
possibly even misleading, measure of the efficacy of 
SNP therapy. Whether this situation would arise un- 
der the experimental circumstances we have exam- 
ined could only be determined by further studies that 
include local blood flow and metabolism measure- 
ments. It should be pointed out, however, that the 
indirect indices of MVo, (heart rate-blood pressure 
product, tension-time index), which are presently 
used to guide SNP therapy, also do not provide any 
information regarding the transmural distribution of 
blood flow or Ox consumption. Their use would 
therefore be subject to similar considerations and 
possible limitations. 

Phenylephrine produced a hypertension based pri- 
marily on increased peripheral resistance. It also 
caused a moderate -ise in left ventricular end-diastolic 
pressure. These hemodynamic changes mimic in part 
those occurring clinically when the use of SNP is 
considered.” ? SNP administration was followed by a 
reduction in left ventricular filling pressure and a 
visually observed, albeit not directly measured, de- 
crease in left ventricular volume. The decrease in 
ventricular volume following SNP would, in compli- 
ance with the LaPlace phenomenon,'? augment the 
decrease in left ventricular wall tension and, second- 
arily, cause a greater decrease in MVo,. 

In summary, we have found that during halothane 
anesthesia in dogs, phenylephrine and SNP-induced 
changes in directly measured MVo, correlate well 
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with changes in some of the more readily acquired, 
tension-related, indirect indices of MVo,. We have 
postulated that the most important reasons for this 
good correlation are that ventricular contractility and 
heart rate remained constant during changing after- 
load and that afterload-induced changes in ventricular 
wall tension were augmented by concomitant changes 
in left ventricular volume. These conditions may not 
apply for all types for general anesthesia. 
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Mechanical Hyperventilation: Effect on Specialized 
Atrioventricular Conduction, Supraventricular 
Refractoriness, and Experimental Atrial Arrhythmias 
in Dogs Anesthetized with Pentobarbital or 
Pentobarbital-Halothane 


Pall Ammendrup, MD, and John L. Atlee III, MD 





AMMENDRUP, P., AND ATLEE, J. L., Ill: Mechanical hyperventilation: effect on specialized atrioventricular conduction, 
supraventricular refractoriness, and experimental atrial arrhythmias in dogs anesthetized with pentobarbital or 
pentobarbital-halothane. Anesth Analg 59:839-846, 1980. 


The effect of hypocapnia (Pco,4 25 vs 40 torr) on specialized atrioventricular (AV) conducticn, supraventricular 
refractory periods, and experimental atrial arrhythmias provoked by premature atrial stimulation (atrial echoes-echoes, 
repetitive atrial firing (RAF)) was assessed in dogs anesthetized with pentobarbital or pentobarbital-halothane (1.0% 
end-tidal). Catheter His bundle electrocardiography was used. Both hypocapnia and halothane prolonged AV nodal 
conduction, but the effect of halothane was more pronounced. Halothane prolonged the atrial functional (AtFRP), 
atrial effective (AERP), and AV nodal functional refractory (AVFRP) periods. These effects of ha'othane were linked 
to an increased incidence of RAF but not to echoes. Hypocapnia prolonged the AVFRP (less than halothane), had no 
effect on the AtFRP and shortened the AtERP. These effects of hypocapnia were associated with an increased 
incidence of echoes, but not with RAF. Echoes and RAF are thought to be caused by reentry within the sinus node, 
atria, and AV node. The differing effects of halothane and hypocapnia on the incidence of these arrhythmias may be 
due to differning effects on supraventricular refractoriness. 


Key Words: HEART, Arrhythmia; ANESTHETICS, Volatile: halothane; CARBON DIOXIDE, hypocarbia; ACID-BASE 


EQUILIBRIUM, Alkalosis, respiratory. 





ECHANICAL hyperventilation with respira- 

tory alkalosis and associated rapidly devel- 
oping hypokalemia is a known cause of cardiac ar- 
rhythmias in both anesthetized and nonanesthetized 
patients," With moderate levels of hypocapnia 
(Pco, œp 20 to 30 torr) the arrhythmias most likely to 
be encountered clinically are supraventricular in ori- 
gin. 

To study potential mechanisms for supraventricular 
arrhythmias related to mechanical hyperventilation, 
we examined the effects of hypocapnia (Pco,,.,. 25 vs 
40 torr) produced by mechanical hyperventilation and 
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halothane (1.096 end-tidal) on specialized atrioventric- 
ular (AV) conduction, supraventricular refractory pe- 
riods, and experimental atrial arrhythmias in dogs 
anesthetized with pentobarbital. Clinical cardiac elec- 
trophysiologists regularly attempt to reproduce clini- 
cal rhythm disturbances by premature electrical stim- 
ulation of the atria (atrial extrastimulation) in order to 
determine mechanisms and find the most effective 
treatment modalities for these arrhythmias."" We 
provoked experimental atrial arrhythmias by prema- 
ture electrical stimulation of the atria. These included 
atrial echo beats (echoes)? '? and repetitive atrial firing 
(RAF), which are the experimental counterparts for 
such clinical rhythm disturbances as atrial premature 
beats (echoes) and supraventricular tachycardia or 
atrial flutter/fibrillation (RAF). Echoes and RAF are 
believed due to reentry of excitation within the sinus 
node, atria, and AV node.** -5 For reentry to be the 
mechanism, there must be specific alterations in con- 
duction and refractoriness. 
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HYPOCAPNIA AND ATRIAL ARRHYTHMIAS 


We postulated that hypocapnia and halothane 
would have effects on supraventricular conduction 
and refractoriness that would affect the production.of 
reentrant experimental atrial arrhythmias. 


Methods 


Experimental Procedure 


Mongrel dogs that were not premedicated, weigh- 
ing between 8 and 14 kg each, were anesthetized on 
a single occasion with sodium pentobarbital. Pento- 
barbital was administered intravenously as a 30-mg/ 
kg loading dose fol.owed by a continuous infusion of 
3.0 mg/kg/hr for the duration of experiments which 
lasted 4 to: 5 hours. Tracheal intubation was per- 
formed and the lungs mechanically ventilated with 
oxygen (Flo, = 1.0) to end-tidal levels of CO» (Beck- 
man model LB-2 infrared analyzer) of 40 and 25 torr. 
The desired level of Pco, (+3 torr) was maintained for 
30 minutes prior tc electrophysiologic testing. Deca- 
methonium bromide, 0.25 to 0.50 mg/kg, was admin- 
istered intravenously as necessary to prevent sponta- 
neous movement. Decamethonium had no significant 
effects on spontaneous heart rate, femoral arterial 
blood pressure, or specialized atrioventricular con- 
duction in any of our dogs. At least 10 minutes 
elapsed following the administration of relaxant be- 
fore testing resumed. An infrared heating lamp was 
used to maintain the rectal temperature between 37- 
38 °C. Following cardiac electrophysiologic testing 
(see below) at the two levels of Pco, during pentobar- 
bital anesthesia, dogs were anesthetized with 1.0% 
end-tidal halothane (Beckman model LB-2 infrared 
analyzer) and testing was repeated at the same two 
levels of Pco, A steady end-tidal level of halothane 
was maintained for 30 minutes prior to testing. The 
order of CO, levels was randomized and halothane 
was always administered following testing with pen- 
tobarbital alone. Arterial sampling for the determi- 
nation of blood gas values and serum level of potas- 
sium was performed during each of the four test 
periods. 


Methods for Cardiac Electrophysiologic Testing 
and Definition of Terms 


A transvenous-femoral vein, quadripolar electrode 
catheter was used for His bundle recording, and a 
transvenous-external jugular vein, bipolar electrode 
catheter for high right atrial stimulation or extra- 
stimulation (W-P Instruments digital stimulator). Sur- 
face ECG (lead II), the catheter His bundle electrogram 
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(filtering—30 to 500 Hz), femoral arterial pressure 
(Statham P23Db), and voice input were continuously 
recorded at 1% or 3% in/sec (Tandberg Instrumenta- 
tion, FM recorder, series 100) for later playback and 
analysis. Time intervals for conduction times, refrac- 
tory periods, and escape beat timing were calculated 
during FM tape playback using a programmable, 
digital calculating oscilloscope (Norland Instruments 
2001) and 0.5- or 1.0-msec sampling intervals. 

AV nodal, His-Purkinje, and ventricular specialized 
conduction intervals were measured in spontaneously 
beating hearts (Fig 1). The effects of halothane and 
hypocapnia on the prolongation of AV nodal conduc- 
tion time with fast heart rates were tested during 
incremental increases in high right atrial paced rate. 
The atria were stimulated from the high right atrial 
pacing catheter at twice threshold and at a cycle length 
just less than the unpaced cycle length. The paced 
cycle length was then reduced by 25-msec decrements 
until Wenckebach block (Mobitz type I block) was 
noted. 

Refractory periods were determined and experi- 
mental atrial arrhythmias produced with programmed 
premature high right atrial stimulation (atrial extra- 
stimulation). The atria were driven at a basic cycle 
length (ECL) shorter than the unpaced cycle length 
and single atrial extrastimuli (test beats) of varying 
prematurity delivered after 20 or more beats at the 
BCL. Test cycle lengths (TCL) of increasing prema- 
turity were delivered until atrial capture was lost; that 
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Fia 1. Specialized atrioventricular conduction intervals. Dog 9, 
pentobarbital, COesg 40 torr, spontaneous heart rate (152 
beats/min). In the His bundle electrogram (HBE) A is low right 
atrial activity, H the His potential, and S the end of rapid 
ventricular (septal) depolarization. V is the onset of the R wave 
in the simu taneously recorded surface ECG (lead II). A-H inter- 
val = AV nodal conduction time: onset rapid A to onset H; H-V 
interval = His-Purkinje conduction time: onset H to onset V. H- 
S interval = ventricular conduction time: onset H to end of S. 
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is, until the atria were effectively refractory. A pause 
of 1500 msec followed the test beat before the re- 
sumption of pacing at the BCL. 

The effective and functional refractory periods of 
the atria were measured for each test condition during 
programmed atrial extrastimulation. The atrial effec- 
tive refractory period was the longest TCL that failed 
to capture the atria and was determined to the nearest 
1 msec. It is a test of the ability of the atria to respond 
to premature impulses. The atrial functional refrac- 
tory period was the shortest observed time between 
low atrial complexes of the last basic driven and test 
beats. It is a measure of the ability of the atria to 
propagate premature impulses. The AV nodal func- 
tional refractory period was also determined and was 
the shortest observed time between His complexes of 
the last basic driven and test beats. It is a measure of 
the AV node’s ability to propagate premature im- 
pulses. 

Experimental atrial arrrhythmias, including atrial 
echo beats (echoes) and repetitive atrial firing (RAF), 
were produced in response to short TCL extrastimuli 
(200 msec). Echoes represent one of four possible 
types of early spontaneous (return) beats following 
premature test beats in driven (as opposed to spon- 
taneously beating) hearts." '? Return beats, character- 
ized by their timing, are referred to as reset (sinus), 
completely or incompletely interpolated, or echo-type 
beats. They are schematically depicted in Fig 2. RAF 
was defined as the occurrence of two or more early 
atrial responses to premature test beats that fulfilled 
the timing criteria for echoes.? 


Analysis of Results 


Sinus responses to premature atrial stimulation 
were defined in terms of the range of basic to test beat 
atrial coupling intervals over which a particular type 
of response occurred; namely, zone of response— 
reset, complete or incomplete interpolation, and 
echoes. Zones of complete and incomplete interpola- 
tion were grouped together for purposes of analysis. 
RAF was two or more successive premature beats 
which fulfilled the timing criteria for echoes. For 
purposes of analysis RAF was also defined as the 
range of basic to test beat atrial coupling intervals 
over which this type of response was observed (zone 
of RAF). 

Each dog was subjected to each of four possible 
anesthetic-COs combinations. The data were there- 
fore treated as being from a repeated measures design. 
An analysis of variance was performed for each of the 
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Fia 2. Schematized return beats follcwing atrial extrastimula- 
tion. During constant rate (basic) atrial pacing at a cycle length 
(BCL) just under the unpaced cycle length, the sinus escape 
beat interval (SEI) is determined for a test beat with a cycle 
length (TCL) delivered = BCL. It is defined in terms of the 
relation of the first spontaneous or return beat atrial activity (A3) 
to test beat atrial activity (A2) or to last basic beat atrial activity 
(A,); that is, in terms of the Az-As4 or A,-As; time intervals. 
Premature return beats following premature test stimulation (TCL 
< BCL) are also defined in terms of the relation of A4 to A2 or A,. 
These may be reset (sinus), completely or incompletely inter- 
polated, or echo type beats. With reset (sinus), the return beat 
is fully compensated; that is, A2-A4 equals or exceeds the SEI. 
Sinus reset occurs when a test stimulus confronts the sinus 
node outside its refractory period, penetrates, and discharges 
the node, thereby resetting its sequence of automaticity. Com- 
plete or incomplete interpolation and echoes occur when pre- 
mature test stimuli confront the sinus node during its refractory 
period. With complete interpolation, the return beat (A3) appears 
precisely (+5%) as it would have in th» absence of A» for a test 
beat with TCL delivered = BCL; that is, A1-A3 equals SEI. With 
incomplete interpolation, the return beat (As) is delayed and A4- 
Az is longer than SEI, but As-A3 shorter than SEI. With echoes, 
the return beat (As) appears earlier than it would have in the 
absence of A; for a test beat with TCL delivered = BCL; that is, 
ÀA -A3 is shorter than SEI. 


test variables: halothane, hypocapnia, and interaction 
between halothane and hypocapnia. The sequence 
of CO; levels tested was used in the analysis as a 
grouping variable and found not to be significant. 


Results 


No spontaneous arrhythmias were observed during 
mechanical hyperventilation with pentobarbital or 
pentobarbital-halothane. Mean values obtained for 
Paco,, arterial pH, serum potassium, and mean fem- 
oral arterial pressure at each end-tidal level of CO; 
are shown, in Table 1. The small decrease in the 
serum potassium concentration associated with alka- 
losis was of borderline significance for both pento- 
barbital ( p = 0.08) and pentobarbital-halothane ( p 
= 0.06). Hypocapnia (Pco,,, 25 vs 40 torr) did not 
alter mean arterial pressure while halothane lowered 
it by a similar amount at each level of CO}. 
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HYPOCAPNIA AND ATRIAL ARRHYTHMIAS 


TABLE 1 


Mechanical Hyperventilation and Responses to Premature Atrial Stimulation: Experimental Conditions * 








Test condition Paco; pHa units Serum K* Mean arterial pressure 
torr meq/L mm He 
Pentobarbital, Pcc,,,40 torr 42.2 + 3.7 7.31 + 0.04 3.8 + 0.5 154 + 20 
Pentobarbital, Pco,,.,;25 torr 27.5 + 2.61 7.46 + O.05T1 3.5 + 0.3 154 + 22 
Pentobarbital-halcthane, Pco,,,40 torr 43.3 + 5.3 7.29 + 0.03 3.8 + 0.4 112 + 164 
Pentobarbital-halcthane, Pco,.,25 torr 28.3 + 3.3T 7.45 + 0.041 3.6 + 0.3 110 + 16¢ 





* Values are means + 1 SD for 19 dogs. 
t p < 0.05 (compared to CO; «140 torr, same anesthetic). 
t p < 0.05 (compared to pentobarbital, same CO; gr). 


Specialized AV Conduction Intervals in 
Spontaneously Beating Hearts and during 
Incremental Increases in Atrial Paced Rate 


The effects of halothane, hypocapnia, or the inter- 
action between halothane and hypocapnia on special- 
ized AV conduction intervals and the Wenckebach 
cycle length (the cycle length at which Wenckebach 
block occurred) are given in Table 2. Note that there 
were no Significant interactions for any of the exper- 
imental variables listed; therefore, the effects of hal- 
othane and hypocapnia are additive. 

Note (Table 2) that halothane and hypocapnia in- 
creased spontaneous cycle length (slowed the heart 
rate). Halothane and hypocapnia increased AV nodal 
conduction time in spontaneously beating hearts and 
increased the Wer.ckebach cycle length during atrial 
pacing. However, with each variable, the magnitude 
of the halothane effect was greater than that of hy- 
pocapnia. While His-Purkinje conduction time was 
prolonged by halothane, the amount of the increase 
(1.4 msec) was small. Finally, ventricular conduction 
was not altered by halothane or hypocapnia. 


Refractory Periods and Experimental Atrial 
Arrhythmias (Figs 3 to 7 and Table 3) 


Representative His bundle and surface ECG record- 
ings for each type of response to premature atrial 
stimulations (reset. interpolation, echoes, and RAF) 
are shown in Figs 3 to 6 for one dog and test condition. 
All responses to premature atrial stimulation for the 
same dog and test condition are shown in Fig 7. 

Because changes in paced cycle length (heart rate) 
may affect the zones of response and values for 
refractory periods obtained during premature atrial 
stimulation,” * '* 4 basic paced cycle length (BCL) 
was chosen for premature atrial stimulation that was 
close to but shorter than the spontaneous cycle length 
for each dog and test condition. An analysis of covar- 
iance indicated that BCL was of no importance in 
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explaining the effects of halothane (H), hyperventila- 
tion (V) or their interaction (H X V) on refractory 
periods or experimental atrial arrhythmias. 

Halothane increased the atrial effective and func- 
tional refractory periods and also the AV nodal func- 
tional refractory period (Table 3). It increased the 
zone of reset by 57.8 msec (Table 3) but had no effect 
on the zone of interpolation. Halothane did not alter 
the zone of echoes but did increase the zone of RAF 
by 4.2 msec. 

Hypocapnia shortened the atrial effective refractory 
period but had no effect on the atrial functional ` 
refractory period (Table 3). Hypocapnia caused a 
smaller increase in the AV nodal functional refractory 
period than halothane. Hypocapnia had no effect on 
the zone of reset or interpolation. Hypocapnia, in 
contrast to halothane, had no effect on the zone of 
RAF but did increase the zone of echoes by 6.4 msec. 


Discussion 


In this study we produced atrial echo beats (echoes) 
and repetitive atrial firing (RAF) in eucapneic dogs 
anesthetized with pentobarbital; these arrhythmias 
are believed to be caused by reentry.” ^? Hypocap- 
nia and halothane increased the incidence of these 
arrhythmias and had effects on supraventricular con- 
duction and refractoriness which we believe explain 
this occurrence. Alterations in conduction and refrac- 
toriness would be expected to influence the produc- 
tion of reentrant-type arrhythmias. In the discussion 
which follows, we consider the proposed mechanisms 
for echoes and RAF, relate the effects of hypocapnia 
and halothane on conduction and refractoriness to the 
production of arrhythmias, and speculate on the clin- 
ical implications of our findings. 


Proposed Mechanisms for Echoes and RAF 


Echoes (sinus) are believed to result from reentry 
in the sinus node proper or the adjacent perinodal 


ca. 
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TABLE 2 


Effect of Halothane (H), Hyperventilation (V), or Interaction (H x V) on Specialized Atrioventricular Conduction and 


Wenckebach Cycle Length* 





Experimental variable 


Halothane (H) 


Test conditions 





Hyperventilation (V) interaction (H x V) 








Spontaneous cycle length (msec) +104.6 + 11.11 +30 + 8.31 +6.4 + 10.0 
AV nodal conduction (msec) -9.0 + 1.4} +6.2 + 1.21 —0.2 + 1.1 
Wenckebach cycle length (msec) +46.2 + 5.41 +12.5 + 4.14 —6.2 + 3.7 
His-Purkinje conduction (msec) 41.4 + 0.3T —0.1 + 0.4 —0.2+0.4 
Ventricular conduction (msec) 41.52 1.4 —1.4 + 1.1 —1.8 + 0.7 

* Values are means for increase (+) or decrease (—) + 1 SD for 19 dogs. 

t p < 0.001. 

į p < 0.01. 
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FiG 3. Reset. Same dog and test conditions as in Fig 1. Simul- 
taneously recorded His bundle (HBE) and surface (lead il) elec- 
trograms. BCL = 300 msec; TCL = 150 msec. The return beat 
(A3) timing categorized this beat as a reset response; that is Az- 
A3 (491 msec) exceeded SEI (468 msec). Its origin (sinus node, 
perinodal tissues, atria, or AV node) cannot be determined 
without a high right atrial electrogram. 


tissues.” ' ? Reentry requires unidirectional block of 
conduction in one pathway and slowed conduction in 
another pathway of the reentrant loop. A premature 
impulse, spontaneous or stimulated, which arrives at 
the sinus node during its relative refractory period, 
may be blocked at a refractory margin of the node 
but may enter at some nonrefractory site. The impulse 
is then conducted slowly through the relatively re- 
fractory nodal tissue and exits to excite the atria. The 
arrival of the premature impulse within the relative 
refractory period of the sinus node and perinodal 
tissues is a function of the total duration of the 
refractory period of the sinus node region relative to 
the surrounding atrial tissue, atrial conduction time, 
and the site of atrial stimulation. Paulay and co-work- 

° found that sinus echoes were more regularly 
produced in atrial paced hearts (18/20 dogs) as op- 
posed to spontaneously beating hearts (7/20 dogs). 
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Fia 4. Interpolation (complete). Same dog and test conditions 
as in Fig 1. Simultaneously recorded His bundie (HBE) and 
surface (lead Il) electrograms. BCL = 300 msec; TCL = 145 
msec. The return beat (A3) timing categorized this beat as 
complete interpolation; that is, A,-A4 (473 msec) equalled (3-596) 
the SEI (468 msec). 


Atrial pacing at a rate faster than the spontaneous rate 
prolongs the sinus node refractory period, thus facil- 
itating reentry.? Furthermore, premature stimulation 
of the base of the right atrial appendage (comparable 
to high right atrial catheter stimulation used in this 
study) was more effective in producing sinus echoes 
than stimulation of its tip, apparently because of 
reduced atrial conduction time. A decrease in atrial 
effective refractoriness with vagal stimulation also 
facilitates sinus echo beat production," presumably 
because premature beats gain earlier access to the 
sinus node region, while it is still relatively refractory. 

RAF is believed to result from reentry involving 
multiple, supraventricular sites including the sinus or 
perinodal tissues, the atria, the AV node, and acces- 
sory conduction pathways.’ Other possible mech- 
anisms include spontaneous (phase 4) automaticity 
and triggered automaticity." Spontaneous automa- 
ticity results from phase 4 cepolarization which 
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Fia 5. Echo. Same dog and test conditions as in Fig 1. Simul- 
taneously recorded His bundle (HBE) and surface (lead H) elec- 
trograms. BCL = 300 msec; TCL = 135 msec. The return beat 
(A3) timing is clearly premature: that is, A-Aa (407 msec) is 
shorter than SEI (468 msec). 
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Fic 6. Repetitive atrial firing (RAF). Same dog and test condi- 
tions as in Fig 1. Simultaneously recorded His bundle (HBE) and 
surface (lead il) electrograms. BCL = 300 msec; TCL = 115 
msec. The return beat (Az) is very premature (A,-A4 = 279 
msec, As-A3 = 125 msec) and followed by a series of disorga- 
nized repetitive atrial complexes (probable mechanism: atrial 
fibrillation). RAF in this case was terminated with resumption of 
pacing at the BCL. 


reaches threshold whereas triggered automaticity re- 
sults from early or late after depolarizations which 
reach threshold. We consider spontaneous automa- 
ticity unlikely as an explanation for our findings 
because fixed-rate atrial pacing, through the mecha- 
nism of overdrive suppresion, would have effectively 
suppressed subsidiary atrial pacemaker foci." We 
cannot exlcude triggered automaticity as a possible 
mechanism for some episodes of RAF produced under 
conditions of our experiments. The onset of triggered 
arrhythmias is characterized by a brief period of 
acceleration (“warm up") followed by stable tachy- 
cardia.? The variation in time intervals between atrial 


ANESTHESIA AND ANALGESIA 
Vol 59, No 11, November 1980 


844 


complexes of many instances of RAF (e.g., Fig 6) is 
evidence against triggering as the mechanism. 


Effects of Hypocapnia 


The effects of hypocapnia on conduction and re- 
fractoriness were associated with a widened zone of 
echoes, but no change in the incidence of RAF. The 
reduction in atrial effective refractoriness with hypo- 
capnia, similar to that with vagal stimulation,” per- 
mits the atria to respond to more premature stimuli. 
This may, in part, explain the increase in the width of 
the echo zone with hypocapnia. These impulses 
would, of course, have to be conducted to the sinus 
node while it was still refractory and capable of 
sustaining reentry. The small reduction in atrial func- 
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FiG 7. Plot of atrial responses to premature atrial stimulation 
according to method of Dhingra et al.” Same dog and test 
conditions as in Fig 1. The last basic to escape beat atrial 
coupling interval (A;-A3) is plotted (ordinate) as a function of the 
corresponding last basic to test beat atrial coupling interval (A,- 
A2). The return beat or expected A; response (EA) is the Ao-As 
interval value for a test beat with TCL = BCL: that is, the sinus 
escape beat interval (SEI = 468 msec).'A line (line of interpo- 
lation) equal to EA; is drawn parallel to the abscissa. Another 
line (line of reset) is drawn from the point of intersection of the 
line of interpolation with the ordinate to intersect a line equal to 
EA; + BCL (468 + 300 = 768 msec) at an A,-A; value equal 
to the BCL (300 msec). As responses falling along (+5%) or 
above the line of reset were within the zone of reset. Az re- 
sponses falling along (3:596) the line of interpolation were within 
the zone of complete interpolation. A3 responses between the 
lines of reset and interpolation would have been within the zone 
of incomplete interpolation (there were no such As responses 
for this particular animal and test condition). A; responses falling 
below the line of interpolation were within the zone of echoes. 
The cluster Az responses with A,-A3 values between 404 and 
433 msec were echoes. The two A, responses with A,-A4 values 
of 279 and 296 msec initiated RAF. 
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TABLE 3 


Effect of Halothane (H), Hyperventilation (V), or Interaction (H x V) on Sinus Node Responses to Premature Stimulation and 


Refractory Periods* 





Experimental variable 


Test conditions 











Halothane (H) Hyperventilation (V) Interaction (H x V) 
msec 

AtERP +11.1 x 4.3] —4.4 x 1.7] 40.2 + 1.6 
AtFRP 47.4 + 3.23 —1.9 + 1.3 +4.2 + 1.9T 
AVFRP +43.7 + 6.01 +10.6 + 2.71 —0.8 x 2.3 
Zone of reset +57.8 + 13.41 —1.0 € 3.7 42.7 + 3.6 
Zone of interpolation —2.2 + 3.0 40.0 + 2.1 +0.3 + 2.0 
Zone of echoes +3.3 X 2.1 +6.4 4 2.77 +1.2 + 3.0 
Zone of RAF +4.2 t 2.901 TB mew 2.32 12 

* Values are means for increase (+) or decrease (—) + 1 SD for 19 dogs. 

+ p < 0.05. 

ł p < 0.001. 


tional refractoriness with hypocapnia (1.9 msec), 
while not significant, indicates that the propagation 
of atrial impulses was not impaired by hypocapnia. 
To the extent that RAF is due to AV nodal reentry, 
the failure of hypocapnia to widen the zone of RAF 
might be attributed to too small an increase in AV 
nodal functional refractoriness: that is, the propaga- 
tion of impulses through the AV node was not suffi- 
ciently impaired to permit AV nodal reentry. 


Effects of Halothane 


The effects of halothane on conduction and refrac- 
toriness, in contrast to hypocapnia were associated 
with an increase in the zone of RAF, but no effect on 
the zone of echoes. These effects on arrhythmias were 
associated with an increase in atrial and AV nodal 
functional and also atrial effective refractoriness. The 
latter effect would prevent the atria from responding 
to very premature stimuli. The increase in atrial func- 
tional refractoriness would impair the atrial propa- 
gation of premature impulses and also, perhaps, fa- 
cilitate atrial reentry. Sinus node reentry (echoes), 
however, would be less likely to occur since the sinus 
node would now have a longer time to recover before 
atrial impulses reached it. Thus, instead of echo-type 
responses, the sinus node would be discharged by 
premature impulses and its sequence of automaticity 
reset. The increase in AV nodal refractoriness with 
halothane would increase the liklihood of AV nodal 
reentry, which requires unidirectional block of con- 
duction in one pathway and slowed conduction in 
another pathway of the AV node. The delay in ante- 
grade conduction must be sufficient for the previously 
blocked pathway to recover for retrograde reexcita- 
tion. Animal studies by Rosenbleuth” and Moe et al”! 


suggest that the AV node may undergo functional, 
longitudinal dissociation into twe pathways, one used 
for antegrade and the other (previously blocked for 
antegrade conduction) for retrograde conduction. 
Such pathways have been shown to exist in patients 
with paroxysmal supraventricular tachycardia in 
whom discontinuous AV nodal conduction curves 
were demonstrated? We have observed discontin- 
uous AV nodal conduction curves in some dogs anes- 
thetized with halothane, but have yet to demonstrate 
that halothane was responsible for these types of AV 
nodal conduction curves. 


Clinical Implications 


Our study demonstrates that experimental supra- 
ventricular arrhythmias (echoes, RAF) can be pro- 
duced in dogs anesthetized with pentobarbital and 
that hypocapnia or halothane can promote their pro- 
duction. Hypocapnia tends to promote echoes and 
halothane tends to promote RAF. Extrapolating our 
findings to humans, hypocapnia would be expected 
to increase the incidence of premature atrial beats 
(single or nonsustained echoes) while halothane 
would predispose to supraventricular tachycardias 
(repetitive atrial firing or sustained echoes). Such 
arrhythmias, of course, would have to be initiated by 
some stimulus that could come from an automatic 
focus which discharged prematurely. Furthermore, 
both halothane and hyperventilation impair AV nodal 
function, which probably explains, in part, the occa- 
sional occurrence of AV dissociation in hypocapnic 
patients anesthetized with halothane. Finally, based 
on our observations of the effects of hypocapnia and 
halothane on supraventricular electrophysiology in 
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dogs, we cannot recommend halothane as a specific 
treatment for atrial arrhythmias during hypocapnia. 

We conclude that hypocapnia facilitates the pro- 
duction of echoes, but not RAF. In contrast, halothane 
facilitates RAF, but not echoes. These contrasting 
effects of hypocapnia and halothane on experimental 
supraventricular arrhythmias were associated with 
differing effects on specialized AV conduction and 
refractoriness. Since experimental supraventricular 
arrhythmias are probably due to reentry, the changes 
in conduction and refractoriness brought about by 
hypocapnia and halothane may explain the altered 
occurrence of arrhythmias following these interven- 
tions. 


ACKNOWLEDGMENTS 


The authors wish to thank Carol Malkinson and David Redon 
for technical assistance; Dr. Carl Wallemark for assistance in 
statistical analysis of the results; Drs. Ben F. Rusy and 5. Craighead 
Alexander, and Cynthia Orenberg, Editorial Services Division of 
Educational Resources. University of Wisconsin Medical School, 
for review of the manuscript; and Fern Ganser for preparation of 
the manuscript. 


REFERENCES 


1. Edwards R, Winnie AP, Ramamurphy S: Acute hypocapneic 
hypokalemia: an iatrogenic anesthetic complication. Anesth 
Analg 56:786-792, 1977 

2. Lawson NW, Butler GH, Ray CT: Alkalosis and cardiac ar- 
rhythmias. Anesth Analg 52:951-964, 1973 

3. Wright BD, DiGiovanni AJ: Respiratory alkalosis, hypokale- 
mia, and ventricular fibrillation associated with mechanical 
hyperventilation. Anesth Analg 48:467-473, 1969 


ANESTHESIA AND ANALGESIA 
Vol 59, No 11, November 1980 


846 


4. 


Ayres SM, Grace WJ: Inappropriate ventilation and hypoxemia 
as a cause of cardiac arrhythmias. Am J Med 46:495-505, 1969 


5. Dhingra RC, Wyndham C, Amat-Y-Leon F, et al: Sinus nodal 


20. 


al, 


responses to atrial extrastimuli in patients without apparent 
sinus node disease. Am J Cardiol 46:445-452, 1975 


. Wyndham RC, Amat-Y-Leon F, Wu D, et al: Effects of cycle 


length on atrial vulnerability. Circulation 55:260-267, 1977 


. Goldreyer BN, Bigger JT: Site of reentry in paroxysmal supra- 


ventricular tachycardia in man. Circulation 43:15-26, 1971 


. Wu D, Amat-Y-Leon F, Denes P, et al: Demonstration of 


sustained sinus and atrial reentry as a mechanism of paroxys- 
mal supraventricular tachycardia. Circulation 51:234-243, 1975 


. Denes P, Wu D, Dhingra R, et al: Demonstration of dual A-V 


nodal pathways in patients with paroxysmal supraventricular 
tachycardia. Circulation 48:549-555, 1973 


. Haft JI, Lau SH, Steine E, et al: Atrial fibrillation produced by 


atrial stimulation. Circulation 37:70-74, 1968 


. Wu D, Denes P, Dhingra R, et al: The effects of propranolol or 


induction of A-V nodal reentrant paroxysmal tachycardia. 
Circulation 50:665-677, 1974 


. Childers RW, Arnsdorf MF, de la Fuente DJ, et al: Sinus nodal 


echoes. Am J Cardiol 31:220-231, 1973 


. Paulay KL, Varghese PJ, Damato AN; Sinus node re-entry. Circ 


Res 32:455-463, 1973 


. Montgomery PR, Dresal PE: Conduction defects in experimen- 


tal atrial arrhythmias. Am Heart J 88:191-197, 1974 


. Goldreyer BN, Biffer JT: Spontaneous and induced reentrant 


tachycardia. Ànn Intern Med 70:87-98, 1969 


. Winer BJ: Statistical Principles in Experimental Designs, Sec- 


ond edition. New York, McGraw-Hill, 1971, pp 514-603 


. Ferrier GR, Dresel PE: Relationship of the functional refractory 


period to conduction in the atrioventricular node. Circ Res 35: 
204-214, 1974 


. Cranefield PF: Action potentials, after potentials and arrhyth- 


mias. Circ Res 41:415-423, 1977 


. Vassalle M: The relationship among cardiac pacemakers. Cir 


Res 41:269-277, 1977 

Rosenbleuth A: Ventricular "echoes." Am J Physiol 195:53-60, 
1958 

Moe GK, Preston JB, Burlington H: Physiologic evidence for 
dual A-V transmission system. Circ Res 4:357-375, 1956 


ga. 


an 


ANESTH ANALG 
59:847-851, 1980 


Optimization of Arterial Oxygenation during 
One-Lung Anesthesia 


Levon M. Capan, MD,* Herman Turndorf, MD,} Chandrakant Patel, MD,t 
Sivam Ramanathan, MD,§ Anthony Acinapura, MD,|| and Jack Chalon, MD{ 





CAPAN, L. M., TURNDORF, H., PATEL, C., RAMANATHAN, S., ACINAPURA, A., AND CHALON, J.: Optimization of arterial 
oxygenation during one-lung anesthesia. Anesth Analg 59:847-851, 1980. 


The effects of different respiratory maneuvers on Pao,, Qs/Qt, and cardiac output were studied during one-lung 
anesthesia in 21 adult patients undergoing pulmonary surgery in lateral position with halothane-oxygen anesthesia 
using endobronchial intubation. The patients were divided into three groups. In group A (n = 11) seven different 
respiratory maneuvers were sequentially performed. When both lungs were ventilated (maneuver A) Pao, and Qs/Qt 
were 376 + 28 torr (mean + SE) and 26 + 2.33% (mean + SE), respectively. Corresponding values were 155 + 25 
torr and 38 + 1.5% when the upper lung was deflated (maneuver B) and 85 + 11 torr and 44 + 4% when PEEP (10 
cm H20) was added to the dependent lung with the upper lung remaining deflated (maneuver C). When the collapsed 
upper lung was insufflated with oxygen (7 L/min) with the lower lung receiving PEEP (maneuver D) Pao, and Qs/Qt 
were 127 + 29 torr and 38 + 3%, respectively, 177 + 34 torr and 37 + 3.5% when the upper lung was insufflated 
with oxygen and lower lung ventilated without end-expiratory pressure (maneuver E). When the upper lung was 
insufflated with oxygen at 10 cm H20 pressure with the dependent lung ventilated with PEEP (maneuver F), Pao, was 
248 + 41 torr and Qs/Qt was 31 + 2% and finally, during insufflation of the upper lung at 10 cm H20 pressure while 
the lower lung was ventilated with zero end-expiratory pressure (maneuver G)Pao, averaged 286 x 49 torr and Qs/ 
Qt 28 + 2.5%. Cardiac output was reduced only when the dependent lung was ventilated with PEEP and the deflated 
upper lung insufflated with oxygen with or without pressure. In group B (n = 5) the effects of only maneuver F on 
arterial oxygenation were evaluated 50, 95, and 140 minutes after the start of anesthesia. In group C (n = 5), only 
maneuver G was studied 50, 95, and 140 minutes after the start of anesthesia. The values for Pao, and Qs/Qt did not 
differ from each other at these time intervals and were comparable with the values obtained during corresponding 
maneuvers in group À patients. It is concluded that arterial oxygenation can be optimized during one-lung anesthesia 
by oxygen insufflation of the upper deflated lung at 10 cm H20 pressure while the lower lung is ventilated with zero 
end-expiratory pressure. 


| Key Words: ANESTHETIC TECHNIQUES: endobronchial. 





ELECTIVE unilateral pulmonary ventilation 

through a double lumen endobronchial tube pro- 
vides good surgical exposure and an immobile lung 
while allowing safe inspection of the open bronchus 
and preventing spillage of blood or pus into the 
normal lung.’ However, significant hypoxemia fre- 
quently observed during endobronchial anesthesia 
has limited the widespread use of this technique.?“ 
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Hypoxemia cannot reliably be prevented by using 
a high Fio,,"° by increasing the tidal volume and 
respiratory rate," or by applying positive end-expir- 
atory pressure to the dependent lung.^? Intentional 
pulmonary artery occlusion? on the operative side 
can minimize the decrease in Pac, but this is not 
always feasible. Simple oxygen insufflation via a cath- 
eter introduced into the bronchus on the operative 
side has recently been suggested! without Gates to 
show improvement. 

The object of the present study was to find a 
clinically useful method to avoid hypoxemia during 
one-lung anesthesia. 


Methods and Materials 


Twenty-one consenting patients 44 to 72 years of 
age (mean 59 + 4 SE) scheduled for resection of 
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solitary pulmonary neoplasms were studied. All had 
mild to moderate obstructive lung disease (FEV; = 
70% + 3) but were free from cardiac disease. Surgery 
involved removal of a single lobe in 17 patients, two 
lobes in three, and segmental pulmonary resection in 
another patient. 

Preoperative medication consisted of morphine sul- 
fate (0.1 mg/kg) and hydroxyzine hydrochloride (50 
to 100 mg) given intramuscularly 1 hour prior to 
induction. A 20-gauge indwelling cannula was in- 
serted into the radial artery and a balloon-tipped 
thermodilution catheter (size #7 French) was ad- 
vanced through the internal jugular vein to the pul- 
monary capillary wedge position. 

Anesthesia was then induced with intravenous thio- 
pental (2 mg/kg) followed by pancuronium (0.08 mg/ 
kg). Manual ventilation with 1% to 2% halothane in 
oxygen was continued until jaw relaxation was ade- 
quate. The trachea was intubated with a double-lu- 
men endobronchial tube (Carlens or White, size #37 
to 41). Complete ventilatory isolation of each lung 
was confirmed by auscultation of the chest following 
unilateral pulmonary deflation in the supine and lat- 
eral positions, Anesthesia was maintained with 0.75% 
to 1.5% halothane in oxygen, and intermittent injec- 
tion of pancuronium. Esophageal temperature was 
recorded throughout the procedure. Lactated Ringer’s 
solution (1000 to 15000 ml) was infused during sur- 
gery. 

Ventilation was controlled with an Air Shields Ven- 
timeter ventilator at a rate of 10 breaths per minute 
with tidal volume adjusted to maintain Paco, at 36 + 
3 torr. A Boehringer 10-cm HeO positive end-expira- 
tory pressure (PEEPio) valve was placed on the circuit 
expiratory limb to deliver PEEP to the dependent 
lung. End-expiratory pressure was measured at the 
airway with an aneroid manometer. Oxygen 7L/min 
was insufflated into the upper lung using a catheter 
inserted 15 cm into the appropriate lumen of the 
endobronchial tube. Oxygen insufflation of the upper 
lung at 10 cm H2O pressure was performed using the 
system shown in Fig 1. The pressure relief valve was 
manually adjusted to maintain a pressure of 10 cm 
H2O in the system. 

The patients were divided into three groups. Group 
A consisted of 11 patients. The following respiratory 
maneuvers (A to G) were sequentially performed in 
this group in the lateral position: (A) Both lungs were 
ventilated with zero end-expiratory pressure before 
thoracotomy (preincision baseline). (B) The depend- 
ent lung was ventilated with ZEEP and the upper lung 
allowed to deflate to atmospheric pressure (control). 
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FiG 1. System used to provide oxygen insufflation of the upper 
lung at 10 cm H20 pressure. 


This and the following maneuvers were done after 
thoracotomy. (C) The dependent lung was ventilated 
with 10 cm H20 PEEP (PEEP;o) and the upper lung 
deflated to atmospheric pressure. (D) The dependent 
lung was ventilated with PEEP;o and the upper lung 
insufflated with oxygen at 7L/min. (E) The dependent 
lung was ventilated with zero end-expiratory pressure 
(ZEEP) and the upper lung insufflated with oxygen at 
7L/min. (F) The dependent lung was ventilated with 
PEEP and the upper lung insufflated with oxygen at 
7L/min with 10 cm H3O pressure. (G) The dependent 
lung was ventilated with ZEEP and the upper lung 
insufflated with oxygen at 10 cm H2O. 

Twenty minutes after initiating each maneuver, all 
surgical manipulations were stopped for at least 5 
minutes. Radial and pulmonary arterial samples were 
obtained and analyzed within 5 minutes for blood gas 
tensions, pH, and hemoglobin. Cardiac output was 
determined by thermodilution technique (Edwards 
Laboratory cardiac output computer, model no. 9520) 
and expressed as the mean of three consecutive meas- 
urements. The amount of blood shunted through the 
lungs, the Qs/Qt fraction, was calculated using the 
standard shunt equation." 

Group B consisted of five patients. [n this group 
only maneuver F was compared with control maneu- 
ver B in each patient. Thirty minutes after the start of 
anesthesia, the upper lung was deflated while the 
dependent lung was ventilated with ZEEP (maneuver 
B). Following a stabilization period of 20 minutes 
radial and pulmonary arterial samples were obtained 
and analvzed for blood gas tensions, pH, and hemo- 
globin, and cardiac outputs were measured. Maneuver 
F was then instituted and measurements were re- 
peated after 25 minutes. This procedure (maneuver B 
followed by maneuver F) was repeated two more 
times, 75 and 120 minutes after the start of anesthesia. 

Group C consisted of five patients. In this group, 
the protocol was similar to that of group B patients 
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except that maneuver G was compared to control 
maneuver B, 

Statistical significance was assessed against the con- 
trol (maneuver B) by a paired t-test in all three groups; 
p values « 0.05 were considered statistically signifi- 
cant. 


Results 


Results for group A are shown in Table 1 and Fig 
2. Pao, decreased when the upper lung was allowed 
to deflate after thoracotomy and decreased further 
when PEEP;o was added to the dependent lung. In- 
sufflation of oxygen to the upper lung when the 
dependent lung was ventilated with either ZEEP or 
PEEP failed to increase Pao,. Insufflation of the upper 
lung with 10 cm H2O pressure increased Pao, during 
ventilation of the dependent lung with both ZEEP and 
PEEP;o. The alveolar-arterial oxygen tension gradient 
(A-a)Do,, and Qs/Ot were the greatest with deflation 
of the upper lung during ventilation of the dependent 
lung with PEEP;o and lowest during oxygen insuffla- 
tion of the upper lung with 10 cm H20 and ventilation 
of the dependent lung with ZEEP. Maneuver F im- 
proved Pao, by 60% and reduced Qs/Qt by 18% 
whereas maneuver G produced an 85% increase in 
Pao, and a 26% decrease in Qs/Qt. Insufflation of the 
upper lung with or without pressure did not change 
cardiac output during ventilation of the dependent 
lung with ZEEP. However, cardiac output was reduced 
by approximately 996 when PEEP was added to the 
dependent lung. 


TABLE 1 


Results of groups B and C are given in Tables 2 
and 3, respectively. 
Qs/Qt values at 50, 95, and 140 minutes (following 





BEN A- odo RES Qs/Qt 


PRESSURE (torr) 
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Qs/Qt (% SHUNT) 

Fia. 2. Histogram showing Pao, (A-aiDo,, Qs/Qt during differ- 
ent respiratory maneuvers in lateral position. VENTIL, ventilated; 
DEFL, deflated; INSUFL, insufflated; P/INSUFL, pressure insuf- 
flated; ZEEP, zero end-expiratory pressure; PEEP, positive end- 
expiratory pressure; *, p < 0.0025; **, p < 0.05. Horizontal 
bars at right of histograms indicate standard error of the mean. 


Pac ,, (A-a)Do,, Qs/Qt, and Cardiac Output during Two-Lung and One-Lung Ventilation with Various Respiratory Maneuvers* 





Preincision 


UL deflated LL UL deflated LL 


UL. O; insuffla- 
tion (10 cm 


UL. O» insuffla- 


UL O; insuffla- tion (10 cm H20) 


UL Os insuffla- 





asse ZEER Yona PEEPoverar tonll PEEP» ton tl ZEE lUPESP ven. HO) LL ZEEP 
maneuver A B C : D E lation ventilation 
maneuver maneuver maneuver maneuver maneuver manedyer t 
Pao, (torr) 376 X 28t 155.25 85 + ti 127 + 29 177 + 34 248 + 41 T 286 + 49T 
NS NS 
(A-a)Do, (torr) 304 + 29+ 516 + 24 587 + 11t 544 + 29 495 + 31 421 + 40t 377 + 46+ 
Qs/Qt (%) 26+ 2.33f 38 + 1.5 44 + 48 38 t3 37 + 3.5 aT. 21i 28 + 2.5 
NS NS 


Cardiac output 
(L/min) NS NS 


5.38 + 0.48 5.40 + 0.43 5.42 + 0.68. 493+046] 5.06 + 0.55 4.91 € 0.47} 5.18 € 0.45 


NS NS 





* Abbreviations used are: UL, upper lung; LL, lower lung; ZEEP, zero end-expiratory pressure; PEEPio, positive end-expiratory 
pressure of 10 cm H20; NS, not significant. Preincision baseline refers to values obtained during ventilation of both lungs with ZEEP 
in lateral position prior to incision. Control refers to values obtained in lateral position with upper lung deflated and lower lung 
receiving ZEEP ventilation following thoracotomy. Results are expressed as means + 1 SE of 11 observations. p values are based 
upon comparisons made with maneuver B. 


t p — 0.0005. 
ip = 0.0025. 
8 p = 0.05. 
lp = 0.01. 
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TABLE 2 


Pao,, (A-a)Do,, Qs/Qt, and Cardiac Output in Group B Patients at End of Maneuvers B and F* 








30 minutes 75 minutes 120 minutes 
Maneuver B Maneuver F E Maneuver B Maneuver F a Maneuver B Maneuver F > 
Pao (torr) 114.8 + 6.6 286.0 + 25.3 0.005 110.0 € 102 280 4 17.9 0.005 116.0 + 12.6 276.0 + 22.8 0.005 
(A-a)Doz (torr) 853.0 + 7.2 286.0 + 35.3 0.005 558.0 + 11.0 388.0 +19.0 0.005 552.0 +14.6 352.0 +24.0 0.005 
Qs/Qt (96) 34.8 +4 0.5 25.6 + 0.6 0.005 35.0 + 0.5 24.8 + 0.8 0.005 35.2 + 0.6 25.8 + 0.3 0.005 
Cardiac output 5.2 + 0.4 4.52 + 0.4 0.005 4.8 + 0.25 3.96 + 0.23 0.05 4.6+0.3 4.1 + 0.32 0.005 
(L/min) 





* Time intervals 30, 75, and 120 minutes indicate beginnings of each maneuver B preceding each maneuver F. p values compare maneuver F with 


maneuver B. Results are expressed as means + 1 SE of five observations. 


TABLE 3 


* 


Pao, , (A-a)Do,, Qs/Qt, and Cardiac Output in Group C Patients at End of Maneuvers B and G* 








Maneuver B Maneuver G 


Pao, (torr) 

(A-a)Do, (torr) 

Qs/Qt (96) 

Cardiac output (L/min) 


35.6 + 0.5 
4.9 + 0.32 


23.8 + 0.3 
4.7 + 0.46 






j126.0 + 10.2 | 303.0 + 13.0] 0.005 | 122.0 + 20.2 | 300.0 + 25.2 | 0.005 
' 542.0 + 11.0 | 365.0 x 14.5 | 0.005] 546.0 + 23.0 | 368.0 + 24.2 | 0.005 | 548.0 + 23.0 
36.0 + 0.6 
5.0 + 0.21 








120 minutes 


120.0 + 20.70 | 298.0 + 33.1 | 0.005 

370.0 x 34.5 | 0.005 

23.4 + 0.5 0.005 
4.5 + 0.31 NS 






35.2 + 0.5 
4.6 x 0.23 











* Time intervals 30, 75, and 120 minutes indicate beginnings of each maneuver B preceding each maneuver G. p values compare maneuver G with 


maneuver B. Results are expressed as means x 1 SE of five observations. 


a 20-minute period of maneuver B) were not signifi- 
cantly different frem each other in both groups. 

Maneuver G improved Pao, in group C by 140%, 
14596, and 14896 and reduced Qs/Qt by 33%, 36%, 
and 33% at 75, 120. and 165 minutes from the start of 
anesthesia without changing cardiac output. Maneu- 
ver F reduced cardiac output by 13%, 17%, and 11% 
in group B while reducing Qs/Qt by 26%, 29%, and 
27% at the same time intervals. 


Discussion 


Oxygen insufflation into the bronchus of the upper 
lung does not significantly improve Pao, during one- 
lung anesthesia, probably because the pulmonary 
transmural pressure gradient is insufficient to recruit 
airway units. Insufflation of oxygen at 10 cm HO 
pressure during ventilation of the dependent lung 
with either ZEEP or PEEPi9, however, maintained 
adequate arterial oxygenation and decreased Qs/Qt 
and (A-a)Do,, presumably because alveolar recruit- 
ment occurred (Table 1 and Fig 2). Upper lung insuf- 
flation at 10 cm HeO pressure with ventilation of the 
dependent lung with PEEPio reduced cardiac output 
by 9% (Table 1). Such decreases in cardiac output 
may be deleterious, especially in the presence of 
cardiac disease or sudden intraoperative blood loss.” 
Therefore, oxygen insufflation of the upper lung with 
10 cm H:O pressure combined with ventilation of the 
dependent lung using ZEEP appears to be preferable 
to simultaneous addition of PEEPio to the down-lung, 
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despite the fact that adequate oxygenation can be 
maintained with the latter maneuver. 

Hypoxemia during thoracotomy with one-lung an- 
esthesia is due to increased venous admixture through 
the unventilated upper lung as well as to V/Q mis- 
match in the lower lung due to compression by the 
unsupported mediastinum,'^ and elevation of the in- 
ferior hemidiaphragm” in a paralyzed patient in the 
lateral decubitus position. In addition, some pulmo- 
nary vascular congestion and interstitial edema may 
occur in the lung lying below heart level, resulting in 
a decreased functional residual capacity and increased 
ventilation perfusion abnormalities. Addition of 
PEEP to this lung should theoretically improve arterial 
oxygenation. However, our data indicate that PEEP;o 
applied to the dependent lung reduced Pao, and in- 
creased Qs/Qt (Table 1). Tarhan and Lundborg? who 
made similar observations attributed this to decreased 
cardiac output and/or diversion of blood flow to the 
unventilated lung. We noted no decrease in cardiac 
output but a significant increase in the intrapulmo- 
nary shunt fraction. This suggests that the reduction 
in Pao, induced by the PEEP;s ventilation of the 
dependent lung when the upper lung is deflated is 
primarily due to increased blood flow through the 
unventilated upper lung. 

Each patient in group A received the same sequence 
of ventilatory maneuvers. This lack of randomization 
might have influenced the results obtained during 
maneuvers F and G which were instituted approxi- 
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mately 2 hours after the start of the study. Improved 
oxygenation seen during these maneuvers could have 
been either due to the effect of time or the influence 
of the five preceding lung manipulations. Patients in 
groups B and C were studied to assess the effect of 
these factors on maneuvers F and G. Both these 
maneuvers improved arterial oxygenation and de- 
creased intrapulmonary shunting by the same degree 
regardless of whether the maneuver was applied at 
the beginning, middle, or end of a 3-hour study period 
(Tables 2 and 3). The Pao, and Qs/Qt values were 
comparable to those seen in group A patients. Al- 
though it is known that intrapulmonary shunting 
becomes maximum within the first 20 minutes of one- 
lung ventilation,” ê there has been considerable con- 
troversy on its further time course. Das et al” reported 
progressive decreases in Pao, during one-lung venti- 
lation lasting up to 2 hours. Newman et al? found a 
progressive increase in arterial oxygen saturation. We 
noted that both Qs/Qt and Pao, remained unchanged. 
Our findings are in agreement with those of Torda et 
al? and Kerr and associates.? It is therefore unlikely 
that the lack of randomization with respect to maneu- 
ver sequence and time of institution influenced our 


findings. It is of interest to note that while investigat- ' 


ing a new oxygen electrode, Armstrong et al? also 
noted consistent improvement in Pao, in three anes- 
thetized patients when the collapsed lung was sub- 
jected to pressure insufflation with oxygen at various 
time intervals from the beginning of their study. 

Oxygen insufflation into the upper lung at 10 cm 
HO combined with ZEEP ventilation of the depend- 
ent lung during one-lung anesthesia appears to be the 
best maneuver in optimizing arterial oxygenation and 
venous admixture. The high Pao, achieved with this 
technique may permit the use of nitrous oxide during 
one-lung anesthesia; however, this remains to be fur- 
ther studied. It is to be noted that this maneuver 
results in minor expansion of the operative lung, but 
this, in our study, did not interfere with surgical 
exposure since the fractionally inflated lung remained 
motionless. 


10. 


11. 


12. 


13. 
14. 


15. 


16. 


ae 


18. 


19. 


AL 


REFERENCES 


. Wood RE, Campbell D, Razzuk MA, et al: Surgical advantages 


of selective unilateral ventilation. Ann Thorac Surg 14:173- 
180, 1972 


. Edwards EM, Hatch DJ: Experiences with double-lumen tubes. 


Anaesthesia 20:461-467, 1965 


. Tarhan 5, Lundborg RO: Blood gas and pH studies during use 


of the Carlens catheter. Can Anaesth Soc ] 15:458-467, 1968 


. Khanam T, Branthwaite A: Arterial oxygenation during one- 


lung anaesthesia: a study in man. Anaesthesia 28:132-138, 1973 


. Torda TA, McCulloch CH, O'Brien ED, et al: Pulmonary 


venous admixture during one-lung anaesthesia: the effect of 
inhaled oxygen tension and respiration rate. Anaesthesia 29: 
272-279, 1974 


. Kerr JH, Crampton-Smith A, Prys-Roberts C, et al: Observa- 


tions during endobronchial anaesthesia. Il. Oxygenation. Br J 
Anaesth 46:84-92, 1974 


. Khanam T, Branthwaite MA: Arterial oxygenation during one- 


lung anaesthesia (2). Anaesthesia 28:280-290, 1973 


. Aalto-Setala M, Heinonen J, Salorinne Y: Cardiorespiratory 


function during thoracic anaesthesia: a comparison of two-lung 
ventilation and one-lung ventilation with and without PEEP;. 
Acta Anaesthesiol Scand 19:287-295, 1975 


. Tarhan S, Lundborg RO: Effects of increased expiratory pres- 


sure on blood gas tensions and pulmcnary shunting during 
thoracotomy with use of the Carlens catheter. Can Anaesth Soc 
J 17:4-11, 1970 

Nilsson E, Slater EM, Greenberg J: The cost of the quiet lung: 
fluctuations in Pao, when the Carlens tube is used in pulmonary 
surgery. Acta Anaesthesiol Scand 9:49-55, 1965 
Churchill-Davidson HC: A Practice of Anaesthesia. Fourth 
edition. Philadelphia, WB Saunders Co, 1978, p 480 

Siegel D, Ramanathan S,,Chalon J, et al: An improved program 
to calculate intrapulmonary shunting. Crit Care Med 7:282- 
284, 1979 

Nunn JF: Applied Respiratory Physiology. London, Butter- 
worth, 1977, p 129 

Tappin AR: The control of positive intrapulmonary pressure 
during thoracotomy. Anaesthesia 24:108-109, 1969 

Froese AB, Bryan AC: Effects of anesthesia and paralysis on 
diaphragmatic mechanics in man. Anesthesiology 41:242-255, 
1974 

West JB, Dollery CT, Heart BE: Increased pulmonary vascular 
resistance in the dependent zone of the isolated dog lung 
caused by perivascular edema. Circ Res 17:191-206, 1965. 
DAS BB, Fenstermacher JM, Keats AS: Endobronchial anesthe- 
sia for resection of aneurysms of the descending aorta. Anes- 


. thesiology 32:152-155, 1970 


Newman RW, Finer GE, Downs JE: Routine use of the Carlens 
double-lumen endobronchial catheter ] Thorac Cardiovasc 
Surg 42:327-339, 1961 

Armstrong RF, Hutchinson JM, Lincoln C, et al: Continuous 
measurement of arterial oxygen tensicn during one-lung an- 
aesthesia: a new type of polarographic oxygen electrode. Br J 
Anaesth 48:1005-1010, 1976 


ANESTHESIA AND AMALGESIA 
Vol 59, No 11, November 1980 


851 


ANESTH ANALG 
59:852-855, 1980 


Operating Room Temperature Prior to Surgical 
Draping: Effect on Patient Temperature in 
Recovery Room 


Michael F. Roizen, MD,* Yung J. Sohn, MD,1 Charles S. L'Hommedieu, MD;t 
Edwin J. Wylie, MD,§ and Maile K. Ota, RN| 


Roizen, M. F., SOHN, Y. J., L'HOMMEDIEU, C. S., WYLIE, E. J., AND OTA, M. K.: Operating room temperature prior to 
surgical draping: effect on patient temperature in recovery room. Anesth Analg 59:852-855, 1980. 


Assessment was made of whether a cold-room environment prior to surgical draping affected patient temperature or 
the incidence of shivering in the recovery room in patients undergoing major vascular surgery when warming blankets 
and warmed fluids were used to maintain intraoperative temperature. Forty-two patients scheduled to undergo major 
vascular surgery were randomly assigned in equal numbers to a “cold” or “warm” room. Temperatures in the 'warm'' 
rooms were 22.2 C or above (range 22.8-25.6 C) until draping, and in ''cold' rooms, 18.9 C or below (range 13.9- 
17.8 C). Once surgical drapes were placed, the room temperature control was set at its minimum, 17 C. All intravenous 
fluids and blood were warmed to 37.5 C, and a heating blanket was maintained at 37.8 C before and during the 
operative procedure. Patient temperatures initially did not differ between groups. Despite significantly greater heat 
loss prior to draping ín the cold-room group (0.63 + 0.14 C) than in the warm-room group (0.32 + 0.10 C) (p « 0.01), 
there were no differences in temperature in the recovery room, shivering, myocardial, renal, CNS, pulmonary, or graft 
morbidity in the two groups. In major intra-abdominal vascular operations the use of warming blankets and the practice 


of warming all fluids for infusion allow a comfortable room temperature without detriment to patient care: 


Key Words: TEMPERATURE: body; OPERATING ROOMS: temperature. 


IGNIFICANT heat loss occurs prior to surgical 

draping.’ Although the decreased metabolic rate 
that hypothermia induces may benefit anesthetized 
patients, even modest hypothermia can cause morbid- 
ity from shivering and can increase oxygen consump- 
tion in the postoperative period.” ? Although several 
studies suggest that high ambient temperatures help 
maintain patients' temperatures intraoperatively, no 
study has determined the effect of ambient operating 
room temperature prior to draping on patient tem- 
perature on arrival at the recovery room after major 
vascular surgery. Since operating rooms may cool 
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slowly, a prewarmed room may be uncomfortable to 
the gowned and gloved surgeon. Therefore, we inves- 
tigated whether a cold-room environment prior to 
draping affects body temperature or the incidence of 
shivering in the recovery room in patients undergoing 
major intra-abdominal vascular surgery if warming 
blankets and warmed fluids are employed to mini- 
mize intraoperative heat loss. 


Methods 


Forty-two patients (two groups of 21) scheduled to 
undergo intra-abdominal operations for either aorto- 
femoral bypass graft or abdominal aortic aneurysm 
resection were randomly assigned to a "warm" or a 
"cold" operating room. Until surgical drapes were 
placed, the temperature in cold rooms was no higher 
than 18.9 C (range 13.9-17.8 C), and in warm rooms, 
at least 22.2 C (range 22.8-25.6 C). Prior to induction 
of anesthesia, the patients wore standard hospital 
nightgowns. After anesthesia was induced, terrycloth 
towels covered those “non-prepped” areas, the lower 
legs, arms, and chest above the nipples. The head was 
uncovered and the rest of the exposed anterior patient 
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surface was painted with 1% iodine in alcohol. Once 
surgical drapes were placed, the room temperature 
control in all instances was set at its minimum, 17 C. 
Room air was changed 10 times per hour for both 
groups of patients. All intravenous fluids and blood 
were warmed to 37.5 C, and a heating blanket was 
maintained at 37.8 C before and during the operative 
procedure. Left posterior sublingual temperatures 
were recorded in the preoperative period, and rectal 
temperatures were recorded in the recovery room on 
the same electrically calibrated thermometer (IVAC, 
San Diego, CA). Intraoperatively temperature was 
measured in pulmonary arterial blood using a therm- 
istor attached to the distal end of a triple-lumen, flow- 
directed catheter (Edwards, Swan-Ganz catheter). 
Room temperatures represented means of values re- 
corded from two mercury thermometers placed 
within 4 ft of the patient’s head. All patients were 
examined for central nervous system, lung, and car- 
diovascular function postoperatively every other day 
by one person. ECGs were obtained on postoperative 
days 1, 3, and 7. Serum levels of creatine phospho- 
kinase (CPK) isoenzymes were determined whenever 
a T-wave abnormality or when patient symptoms 
indicated that myocardial ischemia might have oc- 
curred. 


Results 


There were no significant differences between the 
two groups in the following: time interval from ad- 
mission to the operating room to draping, anesthetic 
technique, body surface area, type of operation, op- 
erative time, blood loss, or amount of blood or fluid 
replacement (Table 1). Initial room temperatures were 
6.4 C different and, despite attempts to cool all rooms 
maximally, remained different for 6 hours (Table 2). 
Initial and recovery room patient temperatures were 
not different between each other or between the two 
groups. Three patients in each group shivered in the 
postoperative period. Their rectal temperatures in the 
recovery room were, for the warm-room group, 35.3, 
35.7, and 37 C; and, for the cold-room group, 35.2, 
35.6, and 36.3 C. These temperatures were not signif- 
icantly different from those of the other 36 patients. 
Three patients in each group arrived at the recovery 
room with temperatures below 35.5 C, but none had 
temperature below 34.5 C. Temperature loss prior to 
draping was greater in the cold-room group (0.63 + 
0.14 C) than in the warm-group (0.32 + 0.10 C) (p < 
0.01). 

Two days after the operative procedure, one patient 
in a warm-room had a myocardial infarction that was 


TABLE 1 
Comparison of Patients in Warm and Cold Environments 
Prior to Surgical Draping * 


Cold 
environment 


: Warm 
environment 


Operations (n) 


Aortofemoral bypass 11 12 
Aortic aneurysm resection 10 9 
Time from admission into room 47 + 4.2 49 + 4.1 
to complete draping (min) 
Anesthetic agents used (n) 
Halothane-N2O-muscle 12 11 
relaxant 
Enflurane-N2O-muscle 8 9 
relaxant 
N2O-narcotic 1 1 
Anesthetic circuits used 
Open system 16 16 
Closed system 5 5 
Body surface area (m?) 1.82 + 0.5 1.77 € O.4 
Operative time (hr) 5.9 € 0.3 6.1 + 0.3 
Blood loss (L) 29+03 3.25+40.5 
Blood replacement (L) 2.5 + 0.3 3.0 + 0.4 
Crystalloid replacement (L) 4.0 x 1.3 4.0 € 0.3 


* Values are means + SEM. 


TABLE 2 


Mean Body and Environmental Temperatures (C) in Warm- 
and Cold-Environment Operating Rooms* 





Warm environment Cold environment 


Time Patient Room Patient Room 
tempera- tempera- tempera- tempera- 

ture ture : ture ture 

Arrival 36.3 23.7 36.2 17.3 

Completion of 35.9 23.5 35.67 17.8 
draping 

1 hourt 35.8 22.1 35.6 19.0 

2 hours 35.7 21.7 35.6 18.8 

3 hours 35.6 21.2 35.6 19.4 

4 hours 35.7 21.7 35.6 19.9 

5 hours 36.2 21.7 35.8 20.2 

6 hours 36.2 21.7 36.1 20.2 

Arrival in recovery 36.2 —§ 36.3 —§ 

room 





* SEMs for patient temperatures were <0.2 C, with one 
exception (1), where it was 0.3 C; SEMs for room temperatures 
were <0.5 C. 

t Hours after incision. 

8 Recovery room temperature was 21.0 + 0.2 C in both 
groups. 


diagnosed when electrocardiographic T-wave changes 
occurred and serum levels of CPK MB band enzyme 
increased. No other patient in our study had changes 
on ECG, increases in serum levels of CPK MB band 
enzyme, new renal insufficiency (increase in BUN of 
30 mg/100 ml or more), alteration in CNS function, 
or postoperative graft failure. One patient in each 
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group had transient pneumonia. All patients were 
discharged 7 to 14 days after their operations. 


Discussion 


At different times in this perioperative study, three 
different anatomic areas were used to record patient 
temperature. These different sites were used at the 
time chosen (i.e., sublingual, preoperatively; pulmo- 
nary artery, intraoperatively; rectal, postoperatively) 
because they are the traditional (usual) sites at which 
temperature is measured for this type of patient. For 
a subsequent group of 20 similar patients examined 
on arrival in the recovery room, we found no differ- 
ence (0.0 + 0.1 C) between simultaneously measured 
rectal temperature (recorded in the same way it was 
recorded in this study) and pulmonary arterial blood 
temperature (recorded in the way it was recorded in 
this study). However, in that group of 20 similar 
patients (10 in a cold room, 10 in a warm room), 
simultaneously measured temperatures soon after in- 
duction were 0.6 + 0.1 C greater (p = 0.001 by paired 
t-test) in pulmonary arterial blood than was temper- 
ature determined sublingually (both recorded by the 
techniques used in this study) regardless of room 
temperature. Therefore, patient heat loss prior to 
draping was underestimated in both the warm- and 
cold-room groups by an equal amount. Thus, this 
study’s results would have been the same if patient 
temperatures had been measured in the same ana- 
tomic area with the same technique throughout the 
entire period of study. 

Despite their greater heat loss prior to draping, 
patients in cold rooms had the same temperature on 
arrival at the recovery room as those in warm rooms. 
The incidence of shivering did not differ between the 
two groups. These results conflict with inferences that 
might be made frem the existing literature. In 1972 
Morris and Kumar* found that warming blankets 
alone did not keep a patient’s temperature above 36 
C unless the room temperature was above 21 C. 
However, they checked the patients' temperatures for 
only 180 minutes after induction of anesthesia. Also, 
the fluids administered were not warmed, as they 
were in our study. Earlier studies by Morris? and 
Morris and Wilkev? demonstrated a linear relation- 
ship between operating room temperature and patient 
esophageal temperature during anesthesia. Again, 
room-temperature fluids were infused and heating 
blankets were not used. Newman’ showed the impor- 
tance of using a heating blanket and of warming 
infusion fluids for patients undergoing peripheral 
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vascular operations. Room temperature, which varied 
from 18-22 C, was not controlled in Newman's study. 
Thus, her findings and ours agree, if one accepts the 
unimportance of room temperature prior to draping. 
The effect of room temperature on surgical outcome 
has not been studied. However, Wyon et al? surveyed 
surgeons and found that to ensure comfort in 19 of 
20 surgeons, room temperature had to be kept below 
18 C. At the room temperature of the cold-room 
group, which started slightly below 18 C (mean, 17.3 
+ 0.2 C), our surgeons were comfortable. 

Intraoperative heat loss includes convection losses 
from skin, from body cavities, and from the respira- 
tory tract. Morris and Wilkey? showed that heat loss 
occurred in patients at an equal rate in cold operating 
rooms whether or not body cavity surgery was per- 
formed. Patient temperatures were stable after the 
initial opening of the peritoneal cavity. Peritoneal 
closure in this study occurred at the end of the fourth 
or beginning of the fifth hour, after which tempera- 
tures began to increase (Table 2). Harrison,? Tausk,” 
and Pflug! and their co-workers have shown that 
heated humidification can prevent hypothermia in 
prolonged operations. Harrison et al? did not report 
room temperature in this study. Room temperatures 
of Tausk et al'? 20-21 C would be unacceptably high 
for our surgeons. The patients of Pflug et al! were in 
rooms that were maintained between 22-24 C. AI- 
though patient temperatures were maintained with 
the aid of heated humidification, these patients also 
benefited from the warmth of rooms that were con- 
siderably warmer than those our surgeons would find 
comfortable. Goldblat and Miller!" showed that pa- 
tients who underwent operations in rooms with tem- 
peratures of 20.2 + 0.8 C had continuous and pro- 
gressive decreases in core temperature. Goldblat and 
Miller combatted this in neurosurgical patients by 
using a warmed G suit. Our anesthetic techniques 
were similar to theirs, i.e., in the majority of cases we 
used an open or semiclosed anesthesia circuit with a 
volatile agent. 

We used similar anesthetic techniques and agents 
for both patient groups (Table 2). Holdcroft and Hall? 
demonstrated that the anesthetic technique (nitrous 
oxide-narcotic anesthesia vs inhalation anesthesia) did 
not influence the temperature changes during anes- 
thesia. 

Ozuna! showed that the major decrease in patient 
temperature occurred prior to draping. In her study, 
operating room temperature varied from 18.6-22.8 C. 
In our study, temperature loss in the majority of 
patients occurred prior to draping in both groups, but 
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especially in the cold-room group. Our patients’ tem- 
peratures increased toward the end of the operation, 
ie., during wound closure when abdominal viscera 
were no longer exposed to room temperature (Table 
1) Although our rooms were air conditioned, the 
temperature of the cold rooms increased toward the 
end of the 6-hour period, and the warm rooms were 
never fully cooled. In fact, the warm rooms lost only 
2.7 C in the 6 hours, whereas the cool rooms gained 
2.9 C during the 6 hours. We believe that the greater 
decrease in temperature after initial draping in the 
warm-room group was not due to a lowered metabolic 
rate, but to the imperfect ability of heating blankets, 
fluid warmers, and operating room lights to maintain 
patient temperature when above 35 C. At no time 
were patients' temperatures significantly different in 
the two groups. 

The low morbidity in these two groups of patients 
may indicate that the close-to-normal temperatures of 
these patients on arrival at the recovery room helped 
prevent the adverse effects of hypothermia, e.g., a 
postoperative increase in oxygen consumption” ? and 
increases in pulmonary arterial and systemic vascular 
resistance that are thought to be mediated by alpha- 
adrenergic receptors.'* The data of Lunn? imply that 
deep venous thrombosis and pulmonary embolism 
are more likely to occur in hypothermic than nor- 
mothermic patients. 

Although this study did not attempt to examine 
most of the factors that determine body temperature 
during anesthesia, one important hypothesis pertain- 
ing to this complex clinical problem was tested. The 
hypothesis that might be inferred from the literature 
to the effect that ambient temperature prior to draping 
influences patient temperature on arrival at the recov- 
ery room was proven to be wrong. In major opera- 
tions, the surgeon's comfort can be obtained at no 


cost to patient care by using warming blankets and 
by warming all intravenous fluids. However, room 
temperature prior to draping did effect early intra- 
operative heat loss in patients. Thus, room tempera- 
ture may be an important factor in short operations. 
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A study of the effects of halothane on the cyclic 3',5'-adenosine monophosphate (CAMP) system in human platelets 
was undertaken since cAMP has been implicated in the regulation of the process of platelet aggregation and this 
anesthetic has been reported to decrease platelet aggregation and, in other tissues, to increase adenylate cyclase 
activity. V/hen exposed to halothane 0.5 to 10 vol%, adenylate cyclase activity was increased in the platelet preparation 
in a dose-dependent manner, reaching a maximum at 5 vol% (93% increase above basal activity). Platelet aggregation 
was also inhibited by halothane in a dose-dependent manner, with a maximum effect at about 5 vol96 halothane (a 
decrease of 70%). Kinetic analysis of platelet CAMP-phosphodiesterase suggested two forms of activity, neither of 
which was altered by halothane. The results suggest that the impairment of platelet aggregation observed with 
halothane may be brought about by the halothane-induced activation of platelet adenylate cyclase, which may result 
in a higher cAMP level, inhibiting platelet aggregation. 


Key Words: BLOOD, Platelets; BLOOD, Coagulation; ENZYMES, Adenylate cyclase and phosphodiesterase; AN- 


ESTHETICS, Volatile: halothane. 





NE of the physiologic functions of platelets is 

to aggregate and thus to participate in hemo- 

stasis. À number of compounds, such as adenosine 
diphosphate, adrenaline, serotonin, prostaglandins, 
methyl xanthines, collagen, thrombin, and alpha- and 
beta-adrenergic blocking compounds have been 
shown to affect platelet aggregation. Studies of the 
mechanism of acticn of some of the substances af- 
fecting aggregation have demonstrated the respon- 
siveness of the enzymes of the cyclic 3',5'-adenosine 
monophosphate (cAMP) system in thrombocytes to 
these compounds. In addition, an increase in cAMP 
content in thrombocytes, brought about by adenylate 
cyclase stimulation or phosphodiesterase inhibition, 
is accompanied by a decreased platelet aggregation, 
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and vice versa, leading to the suggestion that the 
cAMP system is involved in the regulation of the 
process of platelet aggregation.’ 

Several anesthetics, including halothane, in clinical 
concentrations have been shown to inhibit platelet 
aggregation.” The possibility that the effect of halo- 
thane on platelet aggregation is exerted through an 
action on adenylate cyclase was considered since an 
increase in adenylate cyclase activity induced by hal- 
othane has been demonstrated in uterine,? vascular’ 
and bronchial smooth muscle,’ liver? and brain.’ 

In the present study, the effect of halothane on 
adenylate cyclase, the enzyme catalyzing the genera- 
tion of cAMP, and on phosphodiesterase, the enzyme 
catalyzing its inactivation, was determined in human 
platelet preparations. The results demonstrate that, at 
clinically used concentrations, halothane stimulates 
platelet adenylate cyclase activity, an action that could 
be expected to result in increased thrombocyte cAMP 
levels. 


Methods 
Whole blood (50 ml) was collected from healthy 
volunteers (male and female), between 20 and 40 
years of age, who were screened for medication use 
and who consented to undertake the study, which 
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was approved by the Institutional Review Board on 


. Human Investigation at Columbia-Presbyterian Med- 


ical Center. The blood was drawn through a plastic 
cannula from a cubital vein into a plastic test tube 
containing sodium citrate. The final citrate concentra- 
tion was 3.196. For the platelet aggregation studies, the 
blood was centrifuged at 280 X g for 20 minutes and 
the platelet-rich plasma (PRP) was separated from the 
red blood cells. For the enzyme studies, 2-ml aliquots 
of the supernatant PRP were centrifuged at 4 C for 4 
minutes at 3500 X g. The supernatant platelet-free 
plasma (PFP) was discarded and the platelet pellet 
was washed three times in ice-cold 50 mw 
tris(hydroxymethyl)aminomethane (Tris)-HCl buffer, 
pH 7.5. The final platelet pellet was kept at 4 C while 
homogenized, by hand for 45 seconds, in 2 ml of ice- 
cold 50 mm Tris-HCl buffer, pH 7.5, in an all-glass 
tissue homogenizer. The platelet homogenate was 
immediately quick-frozen in an acetone/Dry Ice mix- 
ture and stored at —60 C. 

Adenylate cyclase activity was determined by the 
method of Krishna et al. The procedure was modified 
by the addition of an adenosine triphosphate regen- 
erating system to maintain the substrate concentration 
constant during the assay and by an excess of unla- 
beled cAMP for protection of the formed "P-cAMP.? 
The assay mixture (total volume, 300 ul) consisted of 
Tris-HCl buffer, 50 mm, pH 7.5; adenosine triphos- 
phate, 1 mw; and approximately 3.5 uCi of ?P-aden- 
osine triphosphate (2 to 20 Ci/mmole); MgSO,, 3 mw; 
cAMP (unlabeled), 5 mm; phosphoenolpyruvate, 3.3 
mM; pyruvate kinase, 2 units/assay; and, when appro- 
priate, the drug to be studied. The results are ex- 
pressed as picomoles of cAMP formed per milligram 
of protein per unit of time, calculated from the specific 
activity of the substrate. ‘All determinations were 
made in duplicate. 

Phosphodiesterase activity was determined by the 
method of Thompson and Appleman.” In this pro- 
cedure the amount of substrate cAMP hydrolyzed by 
phosphodiesterase to 5'-AMP and then quantitatively 
converted by 5’-nucleotidase (from snake venom) to 
adenosine is measured.” The assay mixture (total vol- 
ume, 400 pl) consisted of cAMP, in appropriate con- 
centrations labeled with about 200,000 cpm ?H-cAMP 
(24 Ci/mmole); MgCl, 5 mM; mercaptoethanol, 3.75 
mM; Tris-HCI, 50 mm, pH 7.5 The results are ex- 
pressed as picomoles of cAMP hydrolyzed per milli- 
gram of protein per unit of time, calculated from the 
specific activity of the substrate. All determinations 
were made in duplicate. 

In the halothane experiments, the system was first 


equilibrated with the appropriate gas mixture. For the 
enzyme studies, halothane vapor, delivered by a Ver- 
nitrol vaporizer and carried in 100% oxygen, water 
saturated, was flushed continuously above the assay 
mixture for 20 minutes at 4 C when equilibration of 
the halothane vapor was complete.? The concentration 
of halothane delivered to the assay mixture was meas- 
ured with a Narkotest-M (Dréger) analyzer. The gas 
flow was adjusted to 4 L/min and delivered to the test 
tubes via a metal manifold. Polyethylene tubing was 
used throughout the system because of its low parti- 
tion coefficient for commonly used volatile anes- 
thetics. For the adenylate cyclase assay, after equili- 
bration at 4 C (to minimize the hydrolysis of the 
adenosine triphosphate), ice-cold homogenate was 
added and the reaction was started by placing the test 
tubes into a water bath at 37 C and the gas flow above 
the mixture was maintained during the incubation. 
Preliminary tests ascertained that there was no en- 
zyme activity in the ice-cold mixture during a period 
of 5 minutes. For the assay of phosphodiesterase 
activity, both the equilibration and the incubation 
were performed at 30 C. Control samples for both 
assays were flushed with 100% oxygen. Protein con- 
centration was determined by the method of Lowry 
et al. 

Platelet aggregation was determined by the turbi- 
dometric method of Born,” using an aggregometer 
from Chrono-Log Corp, Broomall, PA). PRP, kept in 
a chamber maintained at 37 C, was continually stirred 
with a small Teflon-covered magnet during the meas- 
urement of light transmittance at a wave length of 600 
mg. The aggregometer was adjusted to 100% trans- 
mittance for PFP and to 0% transmittance for PRP. 
Aggregation was started by the addition of adenosine 
diphosphate, to a final concentration of 10 um. PRP 
was equilibrated with halothane at 37 C for 45 min- 
utes, and flushing with the halothane gas mixture was 
maintained during the measurement of aggregation. 
In these experiments a mixture of 95% oxygen and 
5% carbon dioxide was used as the carrier gas for the 
anesthetic agent in order to maintain a constant pH. 
Statistical significance of the results was determined 
by the Student's t-test, using paired data. 

Alpha-?"P-adenosine triphosphate and ?H-cAMP 
were obtained from New England Nuclear Corp; 
adenosine triphosphate, adenosine diphosphate, py- 
ruvate kinase, and phosphoenolpyruvate, from Boeh- 
ringer-Mannheim Corp; cAMP, from CalBioChem; 1- 
adrenaline-HCI, from Parke, Davis & Co; halothane, 
from Ayerst Laboratories Inc; prostaglandin Ej, from 
The Upjohn Co. 
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Results 

In order to determine the optimal conditions for 
enzyme activity assays in our platelet preparation, 
adenylate cyclase and phosphodiesterase activity were 
measured at increasing protein concentrations and 
incubation times. Adenylate cyclase activity increased 
linearly with increasing protein concentrations, from 
50 to 250 ug/assay, and with increasing incubation 
times, from 1 to 8 minutes. The increase in phospho- 
diesterase activity was linear within a range of 60 to 
120 ug of protein per assay and during an incubation 
time of trom 1 to 6 minutes. Enzyme activities were 
therefore determined at a protein concentration of 


about 100 ug/assay and an incubation time of 5° 


minutes. 


Effect of pH on Platelet Adenylate Cyclase and 
Phosphodiesterase Activity 


The measurement of enzyme activity at pH values 
ranging from 7.0 to 7.6 demonstrated the pH depend- 
ency of both enzymes (Fig 1). Basal activity of ade- 
nylate cyclase was 157 + 15 pmoles of cAMP per 
milligram of protein per 5 minutes at pH 7.0, as 
compared to a value of 182 + 10 at pH 7.4; this 
difference of 13.796 was not significant. However, the 
enzyme response to prostaglandin E; (30 uw) and NaF 
(10 mm) at pH 7.0 was lower by 34% and 38%, 
respectivelv, when compared to responses at pH 7.4 
(Fig 1, bottom). Kinetic analysis of cAMP-phospho- 
diesterase activity, determined at substrate concentra- 
tions ranging between 0.1 and 100 um, indicates two 
rates of cAMP hydrolysis, which may reflect the 
presence of two forms of cAMP-phosphodiesterase 
activity in platelets (Fig 1, top, inset). These two forms 
of phosphodiesterase activity can be characterized by 
an apparent Km value of 1 uM and a Vmax of 1.4 nmoles 
per milligram of protein per 5 minutes for the high 
affinity orm and by an apparent Km value of 55 um 
and a Vinax of 12 nmoles per milligram of protein per 
5 minutes for the low affinity form. Both forms of 
cAMP-phosphodiesterase activity are pH dependent 
(Fig 1, top). The activity of the high affinity form of 
cAMP-phosphodiesterase decreases with pH; it is 
lower by 1496 at pH 7.0 than at 7.4 (p « 0.02). The 
low affinity form of cAMP-phosphodiesterase reaches 
a maximum activity at pH 7.4 and then decreases with 
further increase in pH; at pH 7.0 the activity is lower 
by 22% than at 7.4, (p < 0.01). 


Effect of Halothane on Platelet Adenylate Cyclase 
and Phosphodiesterase l 


Platelet cAMP-phosphodiesterase activity, deter- 
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FiG 1. Effect of pH on enzyme activity in human platelets. 
Bottom, Adenylate cyclase activity. B.A., basal activity; NaF, 
sodium fluoride (10 mm); PGE;, prostaglandin E, (30 um). Activ- 
ity is expressed in picomoles of cAMP formed per milligram of 
protein per 5 minutes. Points represent mean values from prep- 
arations from four donors +SEM. Top, cAMP-phosphodiester- 
ase activity. Left ordinate, low-affinity form (l.a.); right ordinate, 
high-affinity form (h.a.). Points represent mean values from 
preparations from four donors + SEM. Inset, Hofstee plot of 
CAMP-phosphodiesterase activity. Slope = Km; y intercept = 
Vmax; V = picomoles of cAMP hydrolyzed per milligram of protein 
per 5 minutes; S = substrate concentration (um). 


mined at low (0.2 uM) and high (60 uw) substrate 
concentrations (at which the two forms of phospho- 
diesterase activity can be evaluated), was not altered 
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by halothane at concentrations of 0.5 to 5 vol%. 
However, the activity of platelet adenylate cyclase 
was markedly increased by halothane (Fig 2, top); an 
increase in the activity of about 3096 was caused by 
halothane at relatively low concentration, 0.5 vol%. 
The increase was concentration dependent and 
reached a maximum (93% above control, p < 0.005) 
at a halothane concentration of 5 vol%. At halothane 
concentration above 5 vol%, the effect of halothane 
on the enzyme activity was less; at 10 vol% the 
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Fig 2. Effect of halothane on adenylate cyclase activity in hu- 
man platelets. Top, Dose response of adenylate cyclase to 
increasing concentrations of halothane. Ordinate, Net increase 
in adenylate cyclase activity above basal activity, 115.0 + 35.8 
pmoles of cAMP formed per milligram of protein per 5 minutes. 
Abscissa, Concentration of halothane (H) (partial pressure in 
torr and volume percent). Points represent mean values from 
preparations from four donors + SEM. Bottom, Effect of halo- 
thane on adenylate cyclase activity in platelet preparations from 
two donors. Ordinate, Net increase in pmoles of cAMP per 
milligram of protein per 5 minutes. Basal activity values: donor 
A @—®, 85.1 + 12.6; donor B O——O, 118.0 + 25.2. 
Abscissa, Halothane (H) concentration (partial pressure in torr 
and volume percent). 


stimulatory effect was about half of that induced by 
5 vol% halothane. It should be noted also that platelet 
basal adenylate cyclase activity varied considerably 
among individual donors, as did activation of the 
enzyme by halothane, as illustrated on Fig 2, bottom. 
This variability is difficult to explain inasmuch as 
only healthy donors were used, thorough screening 
eliminated any medication, and all procedures were 
carefully standardized. 


Effect of Halothane on Platelet Aggregation 


The inhibitory effect of halothane at increasing 
concentrations on adenosine diphosphate-induced 
platelet aggregation is shown on Fig 3. The effect on 
aggregation is concentration related and was already 
marked at clinically used concentrations; there was a 
significant decrease of about 30% (p < 0.01) with 1 
vol% halothane, with a maximum decrease of about 
75% with 5 vol% halothane. 


Discussion 


Pharmacologically induced increases in platelet 
cAMP content have been reported by a number of 
investigators’ to be associated with decreased platelet 
aggregation, indicating a role of cAMP in the regula- 
tion of platelet aggregation. The present study of the 
effect of halothane on platelet adenylate cyclase and 
phosphodiesterase activity was prompted by the re- 
port of a decrease in platelet aggregation caused by 
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FiG 3. Effect of halothane (H) on acenosine diphosphate-in- 
duced platelet aggregation. Ordinate, Percent decrease in ag- 
gregation. Abscissa, Halothane (H) concentration in volume 
percent. Points represent mean values from preparations from 
three donors + SEM. 
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halothane and other volatile anesthetics” and by the 
observation that halothane increases adenylate cyclase 
activity in preparations of smooth muscle, brain, and 
liver?" 

Both platelet enzymes, adenylate cyclase and 
CAMP-phosphodiesterase, were found to be pH de- 
pendent. In agreement with other reports on the 
characteristics of these enzymes in other prepara- 
tions,? our data show decreasing adenylate cyclase 
activity, particularly in response to activating com- 
pounds such as prostaglandin E; and NaF, and de- 
creasing phosphodiesterase activity with decreasing 
pH. This observation is of interest since it has been 
reported that platelet aggregation is altered by 
pH.!^!6 At present, however, without data on platelet 
CAMP content at different pH values, no conclusions 
can be drawn as to whether the two phenomena are 
related. 

The results of kinetic analysis of platelet cAMP- 
phosphodiesterase are in agreement with previously 
reported findings of different forms of phosphodies- 
terase, characterized by their respective Km and Vmax 
values.!^'? [t has been suggested that the high-affinity 
form of platelet phosphodiesterase is of physiologic 
importance, since this isoenzyme has been found to 
be affected by several compounds that strongly influ- 
ence platelet aggregation.'? This is further supported 
by the fact that the Km of this isoenzyme is of the 
same order of magnitude as physiologically occurring 
cAMP levels in platelets, whereas the Km of the low- 
affinity form is almost two orders of magnitude 
higher. 

The activating effect of halothane on adenylate 
cyclase was first observed in preparations of smooth 
muscle.” In these studies the concentration-depend- 
ent increase in adenylate cyclase activity caused by 
halothane was correlated with a decrease in smooth 
muscle contractility. This is of particular interest with 
respect to platelet function, since the process of ag- 
gregation has certain similarities with the contractile 
process;? platelets have been compared to circulating 
spindles of relaxed muscle," and a contractile protein, 
thrombosthenin, has been isolated from platelets.” 
These findings, together with data showing a relation- 
ship between the cAMP system and platelet aggre- 
gation,! led to our hy»othesis that halothane may, by 
activating adenylate cyclase, increase cAMP levels 
and thereby inhibit platelet aggregation. It should be 
mentioned here that the platelet preparation is partic- 
ularly suitable for the study of the effects of volatile 
anesthetics on this or, for that matter, other enzyme 
systems, because the preparation consists of a ho- 
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mogeneous cell population. Our data show that hal- 
othane indeed increases platelet adenylate cyclase 
activity in a concentration-related manner; the en- 
zyme activity increases by 3596 above control with 0.5 
vol% halothane and reaches its maximum (about 95% 
above control) at a concentration of 5 vol%. 

The stimulated as well as nonstimulated adenylate 
cyclase activity of platelet preparations from individ- 
ual donors differed considerably; e.g., enzyme stim- 
ulation in the platelet preparation from one individual 
reached a maximum value at 5 vol% halothane 
whereas the same increase in enzyme activity in the 
preparation from another individual was found with 
exposure to only 0.5 vol%. The decrease observed 
with 10 vol% halothane in the preparation from the 
one donor may indicate a lower threshold for a toxic 
effect which may be exerted by high concentrations 
of halothane. 

These results suggest that the impairment of plate- 
let aggregation observed in vitro in the presence of 
halothane may be due to the effect of the anesthetic 
on the cAMP system. Recently, Lichtenfeld et al” 
measured platelet aggregation in blood samples taken 
from surgical patients during and after brief exposure 
to combinations of various commonly used general 
anesthetics, including halothane, and concluded that 
there was no clinically important inhibition of platelet 
function. Their aggregation measurements, however, 
were performed at least 1 to 2 hours after the exposure 
to halothane and after repeated centrifugation to pre- 
pare platelet-rich plasma. Therefore, it is likely that 
a considerable halothane loss occurred before the 
measurements were performed. It has been shown 
that the effect of halothane on adenylate cyclase is 
reversible.’ There are not, at present, enough data 
available to draw any conclusions about altered plate- 
let aggregation and increased bleeding during anes- 
thesia with halothane. Results showing that halothane 
causes an increase in cAMP formation in vascular 
smooth muscle and a decrease in its contractility* can 
also implicate halothane in altered hemostasis. We 
suggest, therefore, that at least two of the mechanisms 
that control bleeding (the contraction of vascular 
smooth muscle and the property of platelets to aggre- 
gate at the site of a lesion) may be influenced by 
halothane through an action of the anesthetic on the 
cAMP system and that some impairment of hemosta- 
sis and increased bleeding may result. Only further 
studies, including clinical observations, can determine 
whether, and to what extent, the described effect of 
halothane on platelet adenylate cyclase is reflected by 
altered hemostasis during halothane anesthesia. 
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Afterload Reduction with Hydralazine 


Impedence reduction with hydralazine was evaluated in 23 patients 1 to 3 hours after aortic or 
mitral valve replacement. Patients were randomly assigned to group 1 (0.25 mg/kg) or group 2 (0.5 
mg/kg); responses at 20, 60, and 120 minutes were compared with control values (paired t-test) and 
mean values for the two groups were compared (t-test). In group 1 significant responses were the 
decrease in mean arterial pressure (78.3 + 3.0 to 66.7 + 2.2 mm Hg) and systemic vascular resistance 
(2808 + 264 to 1823 + 164 dynes- sec. cm); the increase in cardiac index (2.07 + 0.13 to 2.71 + 0.21 
L/min/m?), stroke volume index (26.9 + 2.3 to 34.0 + 3.3 ml/beat), and heart rate (80.8 + 5.8 to 84.2 
+ 6.6 beats/min). Central venous pressure did not change and left atrial pressure decreased at 120 
minutes. Group 2 responses were similar except for higher central venous pressure at 20 minutes, 
higher left atrial pressures at control and at 20 and 60 minutes, and lower left ventricular stroke work 
at control and at 20 and 60 minutes. By selectively dilating the arterial] system, hydralazine reduces 
mean arterial pressure and systemic vascular resistance and increases cardiac output with stable filling 
pressures. (Marco JD, Standeven JW, Barner HB: Afterload reduction with hydralazine following 
valve replacement. J Thorac Cardiovasc Surg 80:50-53, 1980) 
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Comparison of the Incidence of Combined "Risk 
Factors" for Gastric Acid Aspiration: Influence of 
Two Anesthetic Techniques 


Hernando Y. Arandia, MD,* and Alan W. Grogono, MD} 





ARANDIA, H. Y., AND GROGONO, A. W.: Comparison of the incidence of combined “risk factors" for gastric acid 
aspiration: influence of two anesthetic techniques. Anesth Analg 59:862-864, 1980. 


Gastric fluid pH and volume were studied on induction of anesthesia, during maintenance and at the end of the 
anesthesia in 50 elective surgical patients. All the patients were premedicated with meperidine, 1 mg/kg, and atropine, 
0.006 mg/kg, administered intramuscularly 45 minutes before induction of anesthesia. Half of the patients had 
incremental doses of meperidine; the other half had enflurane 1% to 2%; all had 70% nitrous oxide in oxygen during 
anesthesia maintenance. The incidence of a gastric fluid pH below 2.5 was 68% at the time of induction of anesthesia, 
30% after 1 hour of anesthesia, and 60% at the end of anesthesia. The incidence of a combination of pH below 2.5 
and a volume above 25 mi was 30% on induction and 50% at the end of the anesthetic. There was no difference 
between the results in the two groups. It was concluded that although there was a decrease of gastric acidity during 
the anesthetic, the incidence of risk factors for aspiration pneumonitis at the end of the operation is at least as great 


as that on induction. Emptying the stomach before extubation may decrease this risk. 


Key Words: GASTRCINTESTINAL TRACT: stomach. 


NTEREST in the danger of aspiration of acid gastric 
contents and the possible sequelae has been rekin- 

dled in recent years. Mendelson’ described the syn- 
drome in pregnant women and emphasized the im- 
portance of the pH of the gastric aspirate. Chemical 
pneumonitis occurred when the pH was below 2.5.” 
Patients "at risk" of developing pulmonary damage 
following aspiration have been defined as those with 
a gastric fluid pH below 2.5 and a gastric fluid volume 
above 25 ml? Ong et al^ pointed out that this com- 
bination may occur even in patients who have fasted 
overnight prior to elective surgery. 

Primary efforts have been directed toward preven- 
tion of the sequelae of gastric aspiration by early 
isolation of the airway, by reducing acidity of existing 
gastric fluid, or by reduction of gastric acid secretion. 
Antacids have been shown to reduce gastric acidity in 
a significant percentage of patients.? However, antacid 
administration can increase gastric volume, and aspi- 
ration of antacid itself can lead to pulmonary compli- 
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cations.” ’ Glycopyrrolate depresses gastric acid se- 
cretion and results in a higher gastric pH. However, 
it does not completely eliminate the risk of acid 
aspiration.’ Cimetidine, an He receptor antagonist, 
administered intravenously 45 minutes prior to in- 
duction of anesthesia, causes a greater increase in 
gastric pH. Ninety percent of patients so treated had 
a gastric pH greater than 2.5? Christensen and 
Skovsted!? demonstrated that the anesthetic agent 
itself might influence the gastric pH; halothane in- 
creased the pH of gastric contents above 2.5 after 1 
hour of anesthesia. 

This study investigates the effect on gastric pH of 
two other commonly used anesthetics, nitrous oxide/ 
enflurane and nitrous oxide/meperidine. This study 
was approved by the Institutional Committee for the 
Protection of Human Subjects. 


Methods and Materials 


Fifty patients undergoing elective superficial and 
lower abdominal surgical procedures were studied. 
Using a table of random numbers, the patients were 
assigned to either the enflurane group or the nitrous 
oxide/narcotic group. All patients were premedicated 
with meperidine, 1 mg/kg, and atropine, 0.006 mg/ 


an 


sa. 
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kg, administered intramuscularly 45 minutes before 
the induction of anesthesia. Following preoxygena- 
tion, anesthesia was induced with intravenous thio- 
pental, 4 mg/kg. Intubation with a cuffed oral endo- 
tracheal tube was facilitated by the administration of 
succinylcholine, 1 mg/kg. Maintenance in group | 
was with nitrous oxide 70%, oxygen 30%, and enflur- 
ane 1% to 2%. Metocurine was administered during 
the procedure, as needed. A nasogastric sump tube 
(#18 French) was inserted immediately after endotra- 
cheal intubation. The position of the nasogastric tube 
was verified by auscultation of the epigastrium during 
air injection into the gastric tube. The stomach con- 
tents were then evacuated; the volume of the aspirate 
was recorded and its pH determined using an Orion 
pH analyzer. Complete evacuation of the gastric con- 
tents was attempted every 30 minutes during the 
surgical procedure. Throughout the procedure the pH 
and volume of each sample were recorded. The sam- 
ples taken from an individual subject, including the 
aspirate on induction, were refrigerated and finally 
mixed at the termination of the surgical procedure. 
The pH and volume of this pooled sample were noted. 
The pooled sample was taken to represent the gastric 
fluid that the patient would have had at the end of 
the surgical procedure if the gastric fluid had not been 
aspirated. The pH of gastric secretion on induction of 
anesthesia was compared to the pH after 1 hour. In 
addition the pH and volume of gastric secretions on 
induction was compared to the values obtained at the 
termination of the procedure. Patients regarded at 
risk were those in whom the pooled sample had a pH 
below 2.5 and a volume above 25 ml. 

The results were subjected to chi-square analysis 
to determine the incidence of patients at risk at the 
time of induction and at the end of anesthesia and the 
incidence of high gastric acidity after 1 hour of anes- 
thesia. 


Results 


The two groups were similar in age, weight, and 
duration of procedure (Table 1). The incidence of 


TABLE 1 
Demographic Comparison of the Two Study Groups* 
No: Mean dura- 
Group s Mean weight Mean age tion of anes- 
patients : 
thesia 
. kg yr min 
1 (meperidine) 25 69.1 + 3.2 37 + 3.0 167 + 15 
2 (enflurane) 25 75.7 + 2.9 39.0 + 2.8 192 + 15 


* Values are means + SE. Differences were not significant. 


gastric fluid pH below 2.5 was 68% on induction and 
30% at 1 hour. In the pooled samples the incidence 
was about 60%. There was no significant difference 
between the groups (Table 2). The incidence of pa- 
tients at risk was initially 30%. Based on measure- 
ments of the pooled samples, the incidence rose to 
50% at the end of surgery. Again there was no signif- 
icant difference between groups {Table 3). 


Discussion 


Evacuation of gastric contents may leave residual 
acid in the stomach as complete evacuation is rarely 
achieved. Measurements of volume and of total acid 
produced will therefore tend to underestimate the 
quantity available to contaminate the lungs. This re- 
servation applies to both groups studied. There is no 
reason to anticipate that the residual quantity would 
differ between the two groups. 

These data indicate the presence, in patients who 
fasted before elective surgery, of factors that could 
produce acid pneumonitis if aspiration occurred. 
Christensen and Skovsted'? have shown that the pH 
of gastric fluid tended to increase during halothane 
anesthesia. The same is true for balanced anesthesia 
with nitrous oxide and meperidine, and with a nitrous 
oxide-enflurane sequence. In both cases there was a 
decrease in the number of patients with gastric pH of 
2.5 or less after 1 hour of anesthesia. We cannot 
speculate as to the mechansim by which either me- 
peridine or enflurane decreased gastric hydrogen ion 


TABLE 2 


Incidence of pH 2.5 or Less at Induction, after 1 Hour of 
Anesthesia, and at End of Surgery in Pooled Samples 


Time 
No. of 
Group f 
patients Induction ihr Pooled aspi- 
rate at end 
1 (meperidine) 25 16 (64%) 8(32%)* 15 (60%) 
2 (enfiurane) 25 18 (72%) 7 (28901 14 (56%)t 


* 0.02 < p < 0.05. 
+ Not significant. 
ł p< 0.01. 


TABLE 3 


incidence of Patients ''at Risk" (pH below 2.5 with Volume 
above 25 mi) in Two Study Groups on Induction and at End 
of Anesthesia 


No. of ; End (pooled 
Group patients induction samples) 

1 (merperidine) 25 7 (28906) 12 (4896)* 

2 (enflurane) 25 8 (3296) 13 (52%)* 





* Not significant. ' 
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secretion. Meperidine has an atropine-like effect and 
may therefore depress vagal activity leading to a 
decrease in gastric acid secretion. Enflurane, like other 
inhalation anesthetics, may decrease gastric acid se- 
cretion by a nonspecific depressant effect." 
However, since gastric emptying is depressed dur- 
ing anesthesia and surgery, the gastric fluid pH and 
volume at the end of the operation is that of the 
mixture of the initial gastric contents and the fluid 
secreted during anesthesia. This study shows that the 
number of patients with combined factors of pH 
below 2.5 a gastric volume above 25 ml at the end of 
surgery was not significantly different from the num- 
ber on induction. If the stomach contents were not 
emptied, therefore, tne risk of severe pulmonary dam- 
age at the termination of the operative procedure may 
be as great as on induction. Pulmonary aspiration on 
induction of anesthesia is generally regarded as a 
major risk and has resulted in efforts to reduce the 
acidity and volume of gastric secretions prior to in- 
duction. Without gastric emptying during the proce- 
dure, aspiration at zhe end of the operation would 
appear to be no less a risk. Preoperative use of-.antacid 
had been suggested; however, it has not been uni- 
formly protective in all patients. Furthermore, antac- 
ids increase gastric volume and pose the risk of 
aspiration of antacid itself. Glycopyrrolate and cimet- 
idine have also been recommended and of these two, 
cimetidine seems to be the more effective in reducing 
gastric acid production and increasing the gastric fluid 
pH. The gastric pH cf patients in the series of Coombs 
et al? remained above 2.5 for at least 3 hours after 
administration of intravenous cimetidine. Whether 
this represents the combined effects of cimetidine and 
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anesthesia is uncertain. There are indications, how- 
ever, that cimetidine-induced reduction of gastric se- 
cretion may last as long as 7 hours,’* making it the 
drug of choice in preventing aspiration pneumonitis 
in the perioperative period. A further reduction in the 
risk of aspiration could be accomplished by emptying 
the stomach prior to extubation. 
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SPECIAL 
article 


Some Recent Advances in the Study of the Control of 
Breathing in Patients with Chronic Obstructive Lung 


Disease* 


Joseph Milic-Emili, MD, and Michel Aubier, MD 





URING the last 10 years there has been an 

explosion of interest in the regulation of breath- 
ing, with a welcome clinical orientation to the subject. 
Indeed, new clinically applicable, simple methods for 
studying control of breathing have recently been de- 
scribed. In this review we will focus on two aspects: 
(1) the measurement of the mouth occlusion pressure 
and (2) the detailed analysis of the breathing cycle. 
First, we shall briefly review the physiologic signifi- 
cance of these measurements, and next we will de- 
scribe some recent applications of this new method- 
ology in the study of patients with chronic obstructive 
lung disease (COLD). In the latter applications, the 
new methods will be coupled with the conventional 
approach for studying control of breathing, as the 
new techniques are essentially of complementary na- 
ture. 

It should be stressed that in this review no attempt 
is made to cover the vast literature available in this 
field of respiratory physiopathology. Instead, we pro- 
vide an account limited to our approach in this area. 
We hope that in spite of its limitations our account 
will provide a useful framework for a better under- 
standing of the rapidly expanding knowledge in a 
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complex and until recently relatively neglected area 
of physiopathology. 


Mouth Occlusion Pressure 


Responses to various stimuli are expressed quanti- 
tatively by the “sensitivity” or input-output relation- 
ship of the system that controls breathing. The input 
can be simplified by doing experiments in which a 
single stimulus, such as Pco, or Po, is the only impor- 
tant variable, but it has been more difficult to find a 
good measure of the output of the system. Since the 
early work of Haldane and Priestley,' the most com- 
monly used output variable has been pulmonary ven- 
tilation. It has long been recognized, however, that in 
the presence of mechanical limitations of breathing 
(e.g., increased elastance and flow resistance of the 
respiratory system), the ventilatory output reflects 
both how much the patient “wants” to breathe, an 
issue directly involving respiratory control, and how 
much his mechanical abnormality "allows" him to 
breathe in response to a given level of respiratory 
stimulation, an issue that involves control of breathing 
only indirectly. To circumvent this problem, re- 
sponses to respiratory stimuli have been assessed in 
terms of oxygen consumption of the respiratory mus- 
cles? mechanical work rate of the respiratory mus- 
cles? pleural pressure swings,’ and diaphragmatic 
EMG.* * All of these output variables involve meas- 
urements that are technically complex and, with the 
exception of the Oz cost of breathing, cause discom- 
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fort to patients, for these measurements involve the 
use of esophageal balloons or electrodes. The mouth 
pressure generated by the inspiratory muscles against 
an airway occluded at end-expiration has recently 
been proposed as a useful alternative.” ? The subject 
is allowed to breathe through a mouthpiece with a 
valve arranged so that he breathes in through one 
tube and out through another, Taking care that the 
subject cannot see him and is unable to anticipate the 
maneuver, the operator closes off the inspiratory. tube 
while the subject is breathing out. Unaware of this 
maneuver, the subject begins his next inspiration in 
the usual way, but now generates negative pressure 
in the mouthpiece instead of taking in air. After a 
short interval he realizes that the tube is blocked and 
makes some abnormal movement, but the pressure 
generated in the first 0.1 second (Po) is an expression 
of the force generated by his inspiratory muscles in 
a more or less isometric contraction, under the same 
respiratory neural stimulus as the preceding unob- 
structed breaths. Reduced to its essentials, the appa- 
ratus required to measure the mouth occlusion pres- 
sure consists only of a mouthpiece, valve, pressure 
transducer, and recorder, and it can easily be brought 
to a patient on the ward. Unlike inspiratory work or 
diaphragm electromyography it requires no esopha- 
geal balloons or electrodes, and a minimum of elec- 


tronic apparatus and skill. In fact, it offers no more 


trouble than the conventional spirometric methods. 

A full account of the mouth occlusion pressure 
technique is provided elsewhere.” ° Briefly, Po; de- 
pends on both (1) the neural drive to the inspiratory 
muscles (a summation of the chemical, reflex, higher 
nervous, brainstem, and spinal mechanisms that are 
eventually integrated at the level of the inspiratory 
motor neurons in the spinal cord) and (2) the effec- 
tiveness of the inspiratory muscles as pressure gen- 
erators. The latter depends on the lung volume and 
geometry of the respiratory system.''"'® In general, 
with increasing lung volume the diaphragmatic and 
extradiaphragmatic inspiratory muscles fibers become 
shorter, and hence develop less force for a given 
neural drive (force-length relationship). Furthermore, 
with increasing lung volume the radius of curvature 
(r) of the diaphragm increases (flatter diaphragm) and 
hence, because of the Laplace relationship (P = 2T/r), 
for a given tension T (which is related to force) less 
pressure is developed. Thus, Po; is an index of neu- 
romuscular inspiratory drive representing the pres- 
sure available to produce the changes in lung volume 
or ventilation. 
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Analysis of Respiratory Cycle 


In this analysis, we refer to the respiratory cycle as 
the time course of lung volume during inspiration and 
expiration, as recorded in a spirogram. 

The breathing movements can be regarded as a 
mechanical event in the respiratory control mecha- 
nism, which is both an expression of “output” and a 
source of "input" to the respiratory controller. The 
spirogram, simple as it looks, is the result of an 
extremely complex process which, to some extent, 
can be decoded by appropriate analysis. Further, it is 
the manifestation of control of breathing that is most 
accessible to clinical observation. 

The respiratory cycle consists of an ascending limb, 
inspiration, and a descending limb, expiration. It can 
be characterized schematically by the volume dis- 
placed (V4), duration of inspiration (Ti) and duration 
of expiration (Tz), as well as by the mean inspiratory 
flow (Vr/T)). There is ample evidence indicating that 
Ti, Tg, and Vr/T; can be independently controlled by 
various mechanisms such as reflexes and chemore- 
ceptor stimulation. The interaction of all these mech- 
anisms results in a given breathing cycle. Although 
the nature of the interaction is not fully 
understood,'*”° as a first useful approximation one 
can regard the breathing cycle as the resultant of a 
"driving" mechanism" (inspiratory neurons firing) 
turned on and off by cyclic "timing mech- 
anisms,"!^ 19-21 

The mean inspiratory flow (Vr/Vi) is a dynamic 
mechanical manifestation (transform) of the neuro- 
muscular inspiratory drive which, unlike Poi, can be 
modified by changes in flow resistance and compli- 
ance of the respiratory system. By dividing Po; (an 
index of the pressure available for inspiration) by the 
inspiratory flow (Vr/T1) a useful index of the me- 
chanical impedance of the respiratory system is ob- 
tained. Poi/(Vr/T}) has been termed "effective inspi- 
ratory impedance." As this index is obtained by 
dividing the pressure generated during a fraction of 
an occluded breath by the mean flow for an entire 
unoccluded breath, considerable caution must be used 
in interpreting its significance. 


Ventilation Equations 


The classi. equation defines ventilation (Vg) as the 
product of tidal volume and respiratory frequency (f): 


Vi = Vr xf (1) 


Based on the new analysis of the breathing cycle as 


n... 
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being the resultant of a "driving" and a "timing" 
mechanism, a new equation to partition ventilation 
has been recently proposed”: 


Vy = (Vo/Ti) X (T/T ror) (2) 


where T;/Tror is the ratio of inspiratory to total 
breathing cycle duration and has been termed the 
inspiratory duty cycle.? ! 

The advantage of analyzing ventilation by equation 
2 is that it partitions ventilation into two components: 
one related to neuromuscular inspiratory drive (Vr/ 
Tı) and the other (T1/Tror) reflecting the timing 
mechanism.* A change in pulmonary ventilation can 
result from a change in Vr/T1 or in Ti/Tror, or both. 


New Approach for Clinical Assessment of 
Control of Breathing 


Whereas determination of respiratory responses to 
CO;, hypoxia, and muscular exercise provides useful 
information, assessment of control of breathing dur- 
ing resting breathing seems to us fundamental. Ac- 
cordingly, we have recently introduced a new ap- 
proach for routine investigation of the control of 
breathing which focuses on assessment of regulation 
of respiration during resting breathing.? Its main new 


features are a detailed analysis of the respiratory cycle 


and measurement of the mouth occlusion pressure. 
The above analysis is centered on the classic equation: 


Vco, xk 


Picasa 
oe Ve(1 — Vp/V«) 


(3) 


where Vco, is metabolic carbon dioxide production, 
k is constant, and Vp is physiologic dead space. The 
latter is computed by conventional measurement of 
the other variables in equation 3. 


Application of New Approach for 
Assessment of Control of Breathing to 
COLD Patients 


Patients in Stable State 


Chronic obstructive lung disease is characterized 
by (1) impaired pulmonary gas exchange, (2) changes 
of the mechanical properties of the ventilatory appa- 


* Strictly speaking, this is only true when the inspiratory volume 
time profile is linear or nearly so." Systematic analysis of such 
profiles in both healthy humans and patients with chronic obstruc- 
tive lung disease is still lacking. 


ratus which increase the load on the respiratory mus- 
cles, and (3) decreased effectiveness of the inspiratory 
muscles as pressure generators due to thoracic over- 
inflation. It is not clear why despite these disadvan- 
tages, some patients are able to maintain adequate 
alveolar ventilation but others develop hypercapnia. 
It has often been suggested that the COLD patients 
who do not develop CO» retention are "fighters," in 
the sense that they increase sufficiently the inspiratory 
neuromuscular drive to compensate for their impaired 
respiratory function. On the other hand, the "non- 
fighters" are said to have defective inspiratory neu- 
romuscular drive, and hence exhibit CO» retention. If 
this hypothesis is correct, COLD patients with CO» 
retention should be characterized by markedly in- 
creased Po, values, while patients with CO retention 
should exhibit Po: values lower than the non-CO; 
retainers. À recent study by Sorli et al? on 15 stable 
COLD patients breathing room air at rest, however, 
has shown that there was no statistical difference in 
Po; values between CO» and non-CO; retainers (Fig 
1), both exhibiting significantly ( p < 0.001) higher Po. 
values than normal individuals. Thus, it appears that 
all COLD patients are fighters, as they are all char- 
acterized by increased neuromuscular inspiratory 
drive (Poa). Why then do some COLD patients retain 
CO? This can be answered by analysis according to 
equation 3. As shown in Table 1, there is no statisti- 


fo 





O 
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FiG 1. Average values of Pao, obtained in eight stable COLD 
patients without CO: retention (A), seven patients with CO; 
retention (B), and nine normal individuals (N) during room air 
breathing. Bars indicate 1 SD. In all patients of group A, Paco, 
was less than 42 mm Hg; in patients of group B it was higher 
than 46 mm Hg. (Reproduced with permission from Šorli et al.?*) 
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cally significant difference between patients without 
(group A) and with ‘group B) CO» retention in terms 
of Veco., Vp, and Vz, although the latter values are 
somewhat lower in group B. Tidal volume, on the 
contrary, was significantly lower in group B. Thus, by 
assessing the COLD patients by use of equation 3, it 
was possible to conclude that CO» retention in COLD 
patients is characteristically associated with decreased 
Vr. A decreased Vr, however, can be caused by 
decreased inspiratory flow or shortened inspiratory 
duration, or both. As shown in Fig 2, the mean 
inspiratory flow (V7/T;) does not differ between pa- 
tients with and without CO» retention; in both types 
of patients it is higher than in normal individuals (p 
< 0.05). Thus, the reduction of Vr in the COLD 
patients with CO» retention appears to be due to 
decreased Tı. Concomitant measurements of Do;/ 
(Vr/T1) have revealed that this does not differ signif- 
icantly between COLD patients with and without 
hypercapnia, indicating that the "effective inspiratory 
impedance" is similar in the two groups of patients, 
although the values of all COLD patients are much 
higher than those found in normal individuals.” 

As the study of Sorli et al? found that the hyper- 


capnic COLD patients were more hypoxemic than the 
nonhypercapnic ones (mean Pao,: 77 vs 57 mm Hg), 
it is possible that hypoxemia also played a role in 
determining a decreased Vr and Ti in the hypoxemic 
patients. This is supported by a recent study of Brad- 
ley et al.” They reported that although values for 
resting breathing Vg were similar in hypoxemic 
(Pao, between 37 and 52 mm Hg) and nonhypoxemic 
(Pao, between 61 and 75 mm Hg) COLD patients, 
their breathing patterns differed. Breathing frequency 
was higher (although not significantly) in the hypox- 
emic group, whereas both tidal volume and inspira- 
tory duration were significantly lower ( p « 0.05). No 
significant differences in breathing patterns were 
found among the hypoxemic patients with and with- 
out CO; retention. It should be noted, however, that 
in this instance the difference in Paco, between hy- 
percapnic and nonhypercapnic patients was consid- 
erably smaller (mean Paco,: 49 vs 41 mm Hg) than in 
the patients studied by Šorli et al.” 

The reason for the shortened T; in the COLD 
patients with a substantial degree of hypercapnia and/ 
or hypoxemia is not known, but research directed at 
"timing" mechanisms may in the future explain why 








TABLE 1 , 
Mean Values (-- SD) of FEV, (96 Predicted) and of Pulmonary Gas Exchange Data in 15 Stable COLD Patients Breathing Room 
Air at Rest* 
FEV, (predicted) Paco; Ve Vy Vp Vcoz 
26 mm Hg L/min L L. L/min 
Group A 38 + 16 38.0 + 3.6 10.6 + 1.8 0.71 + 0.09 0.37 + 0.07 0.26 + 0.03 
(N = 8) 
Group B 22 5 50.0 + 8.7 9.4 + 1.0 0.56 + 0.07 0.32 + 0.05 0.28 + 0.05 
(N = 7) 
Group A vs p<0.05 p < 0.005 NS p «0.01 NS NS 
group B 
* Reproduced with permission from Sorli et al.75 
T Vp includes equipment dead space of 70 ml. 
1-0 -——- GROUP A ---- GROUP B 
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Fig 2. Average respira:ory cycle in nonhypercapnic (left) and 
hypercapnic (right) COLD patients as compared to normal sub- 
jects. Bars placed at peak inspiration indicate 1 SE. Mean 
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inspiratory flow (V/T) is represented by the slope of the as- 
cending limb of the schematic spirograms. (Reproduced with 
permission from Šorli et al.?5) 
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some, but not all, COLD patients retain CO2. Thus, 
simple, noninvasive techniques and careful analysis 
of the breathing cycle have led to new hypotheses 
about the nature of the disorder in ventilatory control 
in COLD. Within this context, it is of interest to 
review some of the hypotheses advanced in the past 
to explain CO; retention in COLD patients. 

The premorbid response to CO» has been impli- 
cated as a determinant of Paco, obtained in disease. 
This is an attractive idea, based on the wide variation 
of ventilatory response to CO» observed among nor- 
mal individuals." Thus, individuals with low venti- 
latory response to COs when developing lung disease 
with mechanical impairment, would retain CO»; 
whereas those with high ventilatory responses would 
avoid CO; retention by increasing ventilation. In this 
connection, it should be noted that among normal 
individuals there is also variability in the Ty response 
to CO» in the sense that some keep Tı constant while 
others decrease it with increasing Paco,.!^ * ?? In view 
of the results in Fig 2, it can be postulated that the 
premorbid Ti response to CO» and to mechanical 
loading of breathing may also play a role in devel- 
opment of hypercapnia in pulmonary disease. 

The notion that the central chemoreceptors adapt 
to prolonged CO» exposure and become less sensitive 
to COs stems from Tenney.” This hypothesis could 
account (together with the premorbid CO» respon- 
siveness) for the decreased ventilatory response to 
CO» observed in COLD patients with CO» retention. 
It should be noted, however, that although there is a 
good deal of circumstantial evidence* ** ^?" that in 
COLD patients with CO» retention there may be a 
decreased sensitivity of the respiratory centers to CO2 
(decreased ventilatory, work of breathing and Po. 
responses to COs), direct evidence is lacking. Indeed, 
all of the above respiratory output variables are af- 


fected by the lung volume at which measurements are 
made, in the sense that with ir.creasing lung volume 
the effectiveness of the inspiratory muscles as pres- 
sure generators tends to decrease. ^? 

Whereas in both hypercapnic and nonhypercapnic 
COLD patients Vr/Tr was higher than normal (Fig 2), 
T1/Tror tended to be lower than normal.” This is not 
surprising because in COLD patients expiration: is 
impaired by dynamic compression of the airways. 
Accordingly, a relative decrease in Tı in relation to Tg 
(decreased Tı/Tror) is not surprising. The reduction 
in Ti/Tror was found to be significantly correlated 
with FEV, (an index of expiratory impairment), but 
no significant difference in Tı/Tror was found be- 
tween the  hypercapnic and  nonhypercapnic 
patients, ^? 

The study of Sorli et al? was based on a small 
number of patients. Furthermore, the impairment in 
lung function was more pronounced in the hyper- 
capnic than in the nonhypercapnic patients, as can be 
seen from the FEV; values in Table 1. Accordingly, 
we have recently extended their analysis to a larger 
number of stable COLD patients, divided into two 
groups with distinctly different Paco, values: group À 
(N — 50) with Paco, « 45 mm Hg, group B (N — 41) 
with Paco, > 55 mm Hg." The anthropometric data 
(height, weight, and age) and lung function tests (TLC, 
VC, RV, FEV, expressed as percent of predicted val- 
ues) showed no significant difference between the 
two groups. As shown in Table 2, in line with the 
results of Sorli et al,” Vco, and Vp did not differ 
between hypercapnic and nonhypercapnic patients. 
The trend toward a lower Vg in the hypercapnic 
patients found previously (Table 1) became statisti- 
cally significant in the larger group of patients, and 
the lower Vr in the hypercapnic patients was con- 
firmed. This confirms that hypercapnic COLD pa- 








TABLE 2 
Mean Values (+ SD) of FEV, (% Predicted) and Pulmonary Gas Exchange Data in 91 Stable COLD Patients Breathing Room 
Air at Rest* 
FEV, (predicted) Paco; Ve V: Vot Vco,/ BSAT 
96 mm Hg L/min L L ml/ min / m? 
Group A 69 + 12 39 +3 9.2 + 2.3 0.57: 0:18 0.22 + 0.08 133 x 22 
(N = 50) 
Group B 66 + 16 59+4 7.3413 0.40+0.14 0.21 + 0.07 135 +19 
(N = 41) 
Group A vs NS p < 0.001 p < 0.001 p « 0.001 NS NS 
group B 





* Reproduced with permission from Parot.?? 
t The equipment dead space was less than 10 ml. 
ti BSA, Body surface area. 
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tients are characterized by a significant drop in tidal 
volume, which causes a decrease in Vg and an increase 
in Vp/Vr ratio, resulting in increased Paco,. 


Relationship between FEV, and Paco, in 
Stable COLD Patients 


Contrary to many previous reports," ?? CO» reten- 


tion can occur in COLD patients with moderately 
impaired lung function. In fact, high Paco, values can 
be found in patients with FEV, of 2 to 2.5 L (Fig 3). In 
this connection, it is important to note that in the 
patients in Fig 3 the blood gases were routinely stud- 
ied. The lack of correlation between Paco, and FEV; 
indicates that this index, which is the most commonly 
used test for detecting airway obstruction, is a poor 
predictor of CO» retention. This has been previously 
pointed out by others,?*?5 and is not surprising be- 
cause FEV, is a measure of airway obstruction during 
a forced expiratory maneuver, and its impairment is 
not necessarily relevant in terms of control of venti- 
lation during resting breathing.” 


COLD Patients in Acute Respiratory Failure 


Acute failure in patients with chronic obstructive 
lung disease is characterized by increased Paco, and 
severe hypoxemia. Although the literature is replete 
with measurements of blood gases in such patients, 
little or no quantitative information is available con- 
cerning their minute ventilation, breathing pattern, 
and mouth occlusion pressure. Recently we have per- 
formed such measurements on 20 COLD patients in 
the early stage of acute respiratory failure.” The 
results obtained during room air breathing are shown 
in Table 3. Minute ventilation was relatively high, but 
was associated with a low Vr and high f compared 
with normal individuals of similar anthropometric 
characteristics (Fig 4). In view of the fact that Vp also 
must have increasec in the acute stage as a result of 
increased Va/Q inequality in the lung, Vp/Vr in- 
creased considerably, leading to hypercapnia. Of par- 
ticular interest are the values of Po; which averaged 
8.3 + 0.8 (SE) cm H20. In normal young individuals 
Po; values of 8.3 cm HO are obtained for Vx values 
of the order of 50 to 70 L/min. Considering that due 
to overinflation, in COLD patients the inspiratory 
muscles operate at a marked mechanical disadvan- 
tage,’ the high Po values found in the acutely ill 
patients imply that the activity of their inspiratory 
muscles must have been extremely high, possibly 
nearly maximal. Clearly, such high levels of muscle 
activity cannot be sustained for a long period without 
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Fia 3. Relationship between arterial Pco, and FEV; in 91 stable 
hypercapnic (O) and nonhypercapnic (@) COLD patients. (Re- 
produced with permission from Parot et al.??) 


TABLE 3 


Mean Values (+ SE) in 20 COLD Patients in Acute 
Respiratory Failure Breathing Room Air and O2-Enriched Air 
for 30 Minutes (Fio, = 0.4)* 





Os-enriched air (30 


Room air min) 
Paco, (mm Hg) 61 + 2 68 +3 
Pao, (mm Hg) 38 + 2 120 rt 13 
Ve (L/min) 11.4 £0.9 9.8 + 0.7 
Po. (cm H20) 8.3 + 0.8 49+0.9 


* Reproduced with permission from Aubier et al.?" 
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FiG 4. Average respiratory cycle during room air breathing in 
20 COLD patients in acute respiratory failure () and 11 normal 
individuals (O). Bars indicate 1 SE. Note rapid shallow breathing 
pattern in COLD patients. (Reproduced with permission from 
Aubier et al.?") 
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development of muscle fatigue. Accordingly, any 
rational therapeutic approach to such patients should 
be aimed at reducing their inspiratory muscle activity. 
Clearly, the use of respiratory stimulants does not 
appear to be indicated; on the other hand, adminis- 
tration of Os-enriched air appears to meet this end 
(see below). 


Administration of O;-Enriched Air 


It has been often postulated in the past that O2- 
administration to COLD patients in acute respiratory 
failure may be dangerous because it removes the 
“hypoxic drive," leading to decreased minute venti- 
lation and increased Paco,. This postulate was based 
entirely on indirect evidence (increased Paco,) as Vr 
has not been measured in the past. As shown in Table 
3, after 30 minutes of administration of O»s-enriched 
air (Fro, = 0.4) there was only a small decrease in Ve 
(from 11.4 + 0.9 to 9.8 + 0.7 L/min), averaging about 
14% cf the room air value.?' This was due to small 
reduction in Vr and f (Fig 5). On the whole, however, 
the breathing pattern was not much affected. The 
arterial Po, on the other hand, rose to 120 + 13 mm 
Hg (Table 3), a value at which most of the peripheral 
hypoxic stimulus is removed. Thus, in acutely ill 
COLD patients removal of the hypoxic stimulus does 
not necessarily result in a substantial drop of Vg. The 
arterial Pco, rose during inhalation of Oz-enriched air 
by an average of 7 mm Hg; however, no significant 
correlation was found between the increase in Paco, 
and the drop in Vg resulting from administration of 
Os-enriched air (Fig 6). Interestingly enough, after 
inhalation of Os-enriched air for 30 minutes, Poi 
decreased to an average of 4.9 + 0.9 cm HO, the 
drop amounting to 4096 of the corresponding room 
air value. Po; values of this order of magnitude (4.9 
cm H:O) are found in COLD patients in stable 
state,” *’ and hence can probably be sustained in the 
absence of respiratory muscle fatigue. In this context 
it should be stressed that in these 20 patients admin- 
istration of Os-enriched air resulted in a much smaller 
drop of Vg and V«4/T: (both averaging 14%) than of 
Doi (40%). This implies a decrease in the "effective 
inspiratory impedance," as following administration 
of Os-enriched air both Vr/T1 and Ve relative to Po, 
were proportionately much greater than during room 
air breathing. This phenomenon has been found in 
stable COLD patients subjected to O»s-enriched air 
previously,” and is consistent with the decrease in 
airway resistance found by Astin? in stable COLD 
patients following inhalation of 30% Oz in nitrogen. 

Thus, in most COLD patients in acute respiratory 
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FiG 5. Average respiratory cycle in 20 COLD patients in acute 
respiratory failure during room air breathing (6) and after 30 
minutes of administration of O2-enriched air (O). Bars indicate 1 
SE. (Reproduced with permission from Aubier et al.?7) 
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Fig 6. Relationship between change in ventilation (A V) and in 
arterial Pco, (A Paco?) following 30 minutes of inhalation of O2- 
enriched air in 20 COLD patients in acute respiratory failure. No 
significant correlation is found (r = .028). (Reproduced with 
permission from Aubier et al.?") 


failure, administration of Os-enriched air appears to 
result in a drop of Po. to values that can probably be 
sustained without development of muscle fatigue. 
This is associated with little change in Vg, substan- 
tially, increased Pao,, and only moderately increased 
Paco.. 
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Administration of 100% O, 


Table 4 shows the effect of 100% Os administration 
in another group of 22 COLD patients in acute res- 
piratory failure. During room air breathing their 
values of Vg and arterial Po, and Pco, were similar 
(Table 4} to those of the patients in Table 3. Os 
administration for 15 minutes resulted in a very small 
drop of minute ventilation, averaging about 7% of the 
room air value. Inasmuch as the values of Paco, and 
Ve during room aiz breathing were similar in these 
patients and in the ZO patients in Table 3, these results 
suggest that 100% Os administration causes, if any- 
thing, a smaller drop in Vg than administration of O2- 
enriched air. Thus, the tenet that "pure O2 adminis- 
tration by removing the hypoxic stimulus causes a 
drop in Vg which in turn results in increased Paco," 
cannot be sustained. In this connection it should be 
noted that neither Vr nor f was significantly changed 


after 15 minutes of 100% Os administration to the. 


patients in Table 4. Administration of pure Oz re- 
sulted in a much greater increase of Paco, (Table 4) 
than that observed following administration of O2- 
enriched air (Table 3), namely 23 vs 7 mm Hg. As 
only a small fraction (about 5 mm Hg) of the total 
APaco, observed following 100% Os breathing could 
be attributed to the concomitant drop in Vg, the data 
in Table 4 imply that most of the increase in Paco, 
resulting from administration of pure Oz must have 
been due to other factors. Since in these patients 
Vco, was not affected significantly by O» inhalation, 
it follows from equation 3 that Vp must have in- 
creased substantially. Indeed, the percent Vp/ Vr ratio 
was 77 + 2 (SE) during room breathing, and rose to 
82 + 2 after 15 minutes of 100% Oz inhalation, a 
significant difference (P < 0.01). The increase in Vp 
(reflecting increased arterial to alveolar Pco, differ- 
ence) could be attributed both to the "Haldane ef- 
fect/*! and to changes in Va/ Q distribution secondary 
to a shift of blood flow from poorly ventilated areas 
in the lung resulting from release of hypoxic vasocon- 
striction. ? In addition, lung units with low Va/Q 
ratio may become unstable and collapse when 100% 
Oz is inhaled, thus increasing the shunt.” 

The results obtained with 100% Os administration 
confirm previous observations, namely that in COLD 
patients in acute respiratory failure the increase in 
Paco, is more marked with pure Os administration 
than with inhalaticn of Os-enriched air. Contrary to 
previous belief, however, these results show that the 
more pronounced increase of Paco, during 100% ‘Ox 
breathing is not due to a depression in Vg; rather, it 
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TABLE 4 


Mean Values (+ SE) in 22 COLD Patients in Acute 
Respiratory Failure Breathing Room Air and 100% O; for 15 
Minutes * 


Room air 100% O; (15 min) 
Paco; (mm Hg) 65 +3 88+ 5 
Pao, (mm Hg) 38 + 2 225 + 23 
Ve (L/min) 10.2 + 0.5 9.5 + 0.7 


* Reproduced with permission from Aubier et al.*° 


reflects an impairment of gas exchange within the 
lung. 


Conclusion 


In the present review we have attempted to show 
that the use of simple noninvasive techniques and 
careful analysis of the breathing pattern has led to 
new hypotheses about the nature of the disorder in 
ventilatory control in COLD patients. Clearly, further 
work is needed before this complicated aspect of 
respiratory physiopathology is fully understood. 
Nevertheless, recent advances in this field have pro- 
vided enough information to allow the emergence of 
a more coherent picture. Thus, while many problems 
still remain, the questions to be pursued in future 
research have been somewhat clarified. 
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Their Role in Anesthesiology 
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NEW ERA in opiate research was initiated in 
1973 when three independent laboratories re- 
ported the presence of highly specific opiate receptors 
in the central nervous system of vertebrates.” These 
receptors combined in a stereospecific manner with 
all known active opiates and opiate antagonists. It 
seemed unlikely that such highly specific receptors 
would have developed in the absence of an endoge- 
nous substance that normally binds to these sites. 
The hypothesis that an endogenous substance for 
the opiate receptor might exist was supported by the 
observation that electrical stimulation of the periaq- 
ueductal gray matter in the rat brainstem produced 
analgesia similar to that produced by morphine.* Fur- 
thermore, this electrically induced analgesia was at- 
tenuated by the specific narcotic antagonist, naloxone. 
The best explanation was that electrical stimulation 
released an endogenous morphine-like substance and 
naloxone antagonized the effects of this substance. 


Endogenous Opiate-like Substances 


A deliberate search for an endogenous opioid cul- 
minated in the identification in 1975 of two pentapep- 
tides (Table 1) with analgesic activity indistinguisha- 
ble from that produced by morphine.” The first pep- 
tide was named Met-enkephalin after its terminal 
methionine residue. The other peptide, Leu-enkeph- 
alin, differed only in the terminal amino acid (leucine) 
residue. Subsequently, other endogenous opioids in- 


* Professor and Chairman. 

Received from the Department of Anesthesia, Indiana University 
School of Medicine, Indianapolis, Indiana 46223. Accepted for 
publication July 9, 1980. 


874 


ANESTHESIA AND ANALGESIA 
Vol 59, No 11, November 1980 


cluding alpha-, beta-, gamma-, and delta-endorphin 
have been identified. Endorphin (endogenous plus 
morphine) is a generic term that is applied to all 
endogenous peptides with opioid activity. Met- and 
Leu-enkephalin are specific peptides belonging to the 
endorphin class. 

The identification of the endorphins also permitted 
the assignment of a role to the 91 amino acid pituitary 
hormone, beta-lipotropin (Fig 1). The biologic func- 
tion of this hormone, discovered by Li in 1965,° had 
remained a mystery until it was recognized in 1976 
that the 61-65 amino acid sequence of beta-lipotropin 
was identical with Met-enkephalin.’ Subsequent 
characterization of alpha-, beta-, gamma-, and delta- 
endorphin revealed that these substances corre- 
sponded to amino acid sequences 61-76, 61-91, 61-77, 
and 61-87 of beta-lipotropin, respectively. Beta-lipo- 
tropin is devoid of opioid activity but in view of these 
recent discoveries most likely acts as a precursor 
hormone (prohormone) for the synthesis of endor- 
phins. 


Location of Opiate Receptors and 
Endorphins 


Opiate receptors are concentrated in the periaque- 
ductal gray matter of the brainstem and in the medial 
thalamus, amygdala, posterior pituitary, and substan- 
tia gelatinosa of the spinal cord.? The cerebral cortex 
has a low density of receptors, and the cerebellum is 
devoid of these receptors. Likewise, endorphins are 
distributed throughout the brain and spinal cord, 
although their exact location varies. For example, 
enkephalins, although widely distributed in the brain 
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and spinal cord, have not been shown to be present 
in the posterior pituitary. In contrast, beta-endorphins 
are present in their highest concentrations in the 
pituitary. It is reasonable to consider the larger mo- 
lecular weight endorphins, such as beta-endorphin, as 
pituitary specific while enkephalins are brain specific. 


Physiologic Role of Opiate Receptors and 
Endorphins 


The physiologic role of the opiate receptor-endor- 
phin system remains largely unknown. However, the 
location and distribution of the opiate receptors and 
pharmacologic responses to naloxone or endorphin 
administration have suggested several possible roles 
(Table 2). 


Neuromodulator and Endocrine Regulation 


The stability and slow inactivation of beta-endor- 
phin are consistent with a neuromodulator and en- 
docrine role similar to epinephrine.? As a neuro- 
modulator, the local release of beta-endorphin may 
alter the responsiveness of the neuron to incoming 
stimuli. A common molecule acting as the precursor 
for both beta-lipotropin and ACTH suggests a link 
between endorphins and other hormonal systems. 
Conceivably, beta-endorphins may regulate pituitary 
function. In this context, it is interesting that exoge- 
nous morphine may stimulate antidiuretic hormone 
release from the pituitary. 


Neurotransmitter 


A neurotransmitter role similar to norepinephrine 
has been proposed for the widely distributed and 
rapidly inactivated enkephalins.'’ There is evidence 
that enkephalins are inhibitory neurotransmiiters for 
specific neuronal systems. It is speculated that an 
impulse traveling down the neuron causes release of 
the endogenous neurotransmitter (i.e., enkephalin) 
which then binds to presynaptic and postsynaptic 
Opiate receptors. This receptor-neurotransmitter in- 
teraction most likely produces conformational 
changes in the receptor that are associated with de- 
creased adenylate cyclase activity and a subsequent 
reduction in the rate of neuronal firing. 


TABLE 1 
Endogenous Pentapeptides with Opioid Activity 





Amino acid sequence 


TYR-GLY-GLY-PHE-MET 
TYR-GLY-GLY-PHE-LEU 





Met-enkephalin 
Leu-enkephalin 





H-GLU-LEU-THR-GLY~GLU-ARG-LEU-GLU-GLN-ALA-ARG~ 
GLY-PRO-GLU-ALA-GLN-ALA-GLU-SER-ALA-ALA-ALA- 
ARG-ALA-GLU-LEU-GLU-TYR-GLY-LEU-VA_-ALA-~GLU-ALA~ 
GLU-ALA-ALA-GLU-LYS-LYS-ASP-SER-GLY-PRO-TYR-LYS- 
MET -GLU-HIS-PHE-ARG-TRP-GLY-SER-PRC-PRO-LYS-ASP- 
LYS-ARG-TYR-GLY-GLY-PHE-MET- THR- SEA-GLU-LYS-SER- 
GLN -THR-PRO-LEU-VSL-THR -EU-PHE-LYS-ASN-ALA-ILE- 


ILE-LYS-ASN-ALA-HIS-L Y S-LYS-GLY-GLN-OH 
87 91 


FiG 1. Beta-lipotropin (B-LPH), a 91 amino acid pituitary hor- 
mone, contains recently identified endorphins within its struc- 
ture. For example, Met-enkephalin cor-esponds to the 61-65 
amino acid sequence of this hormone. Alpha-, beta-, gamma-, 
and delta-endorphin correspond to the 61-76, 61-91, 61-77, 
and 61-87 amino acid sequences of beta-lipotropin, respec- 
tively. 


TABLE 2 


Possible Physiologic Roles of Opiate Receptors and 
Endorphins 


Neuromodulator and endocrine regulation 

inhibitory neurotransmitters 

Pain perception and analgesia 

Mechanism of acupuncture analgesia 

Responses to inhaled anesthetics 

Circulatory responses during shock 

Control of emotion and behavior 

Development of narcotic tolerance and dependence 


oxmos»(p»mr- 


Pain Perception and Analgesia 


Regulation of pain perception is a likely role for 
endorphins. It is speculated that the brain contains an 
endogenous pain suppression system in which "an- 
algesia" is mediated by endorphin release. Indeed, 
there is a prominent association between the distri- 
bution of enkephalin and pain pathways." Specifi- 
cally, brain (periaqueductal gray matter and its exten- 
sion into the fourth cerebral ventricle and the medial 
thalamus) and spinal cord (substantia gelatinosa) re- 
gions with high concentrations of opiate receptors 
receive input from pathways presumed to carry pain 
information. 

Modulation of pain is likely to occur at supraspinal 
and spinal cord sites. Supraspinal mechanisms in- 
clude (1) the ability of enkephalins to activate de- 
scending inhibitory pathways to the dorsal horn of 
the spinal cord, and (2) interference with processing 
of pain at the central nervous system terminations of 
the anterolateral pain pathways. Spinal cord actions 
of endorphins would be directly on opiate receptors 
in the substantia gelatinosa, which is the first site in 
the central nervous system for integration of sensory 
information. Analgesia produced by exogenous opiate 
administration is speculated to occur also at both 
supraspinal and spinal cord sites. 
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Several reports have investigated the role of endor- 
phins in the production of analgesia. Subjects receiv- 
ing electrical stimulation of the medial thalamus for 
relief of chronic pain exhibited increased enkephalin 
activity in the ventricular cerebrospinal fluid? (Fig 2). 
In rats, foot shock produced a 5- to 6-fold increase in 
blood beta-endorphin levels." In mice, intravenous 
beta-endorphin (8.2, 14.5, and 20.1 mg/kg) produced 
dose-related analgesia (tail flick and hot plate re- 
sponse) that lasted 30 to 60 minutes. Pretreatment 
with naloxone (1 mg/kg subcutaneously) 5 minutes 
before injection cf the highest beta-endorphin dose 
eliminated the inhibitory effect of beta-endorphin on 
the tail flick and hot plate responses. Intravenous 
beta-endorphins (200 to 400 ug) have been reported 
to produce pain relief in three patients with chronic 
pain. Intravenous enkephalins are without signifi- 
cant analgesia presumably because of their rapid in- 
activation by the widely distributed aminopeptidase 
enzymes.” Congeners of enkephalin that resist break- 
down produce analgesia similar to morphine. 

If analgesia is mediated by an endogenous opioid 
it would be predictable that naloxone would antago- 
nize this response. It is also likely that noxious stim- 
ulation is an important activator of the normally 
quiescent endogenous pain suppression system. In- 
deed, postsurgical dental pain was increased in pa- 
tients receiving naloxone (9 mg IV) as compared with 
a group receiving saline.'? 

Individual differences in pain sensitivity (threshold) 
may reflect different levels of circulating endorphins, 
number of opiate receptors, and/or degree of pain 
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Fia 2. Enkephalin activity in ventricular cerebrospinal fluid in- 
creased during electrizal stimulation of periventricular brain sites 
in eight patients with chronic pain. All patients reported signifi- 
cant or complete pain relief with electrical stimulation. Data 
modified from Akil et al.'? *p « 0.01 compared with control 
enkephalin activity. 
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inhibitory pathway development. Conceivably, those 
who tolerate pain well do so because they have a 
more active or highly developed endogenous pain 
suppression system. If this is true, patients with high 
pain thresholds would be most susceptible to the 
hyperalgesic effects of naloxone. Indeed, separation 
of patients into pain-sensitive and -insensitive groups 
based upon their response to a painful electrical shock 
demonstrated hyperalgesia after naloxone (2 mg IV) 
only in the pain-insensitive patients.” Furthermore, 
there is evidence that baseline levels of enkephalin 
activity in the cerebrospinal fluid of patients with 
chronic pain are lower than in normal patients." 

Despite the obvious potential role of the opiate 
receptor in pain modulation, it may be misleading to 
think of this receptor as exclusively mediating anal- 
gesia. For example, the characteristic effect of opiates 
in man is more an emotional detachment than a 
specific blunting of pain. 


Mechanism of Acupuncture Analgesia 


Analgesia produced by acupuncture has a slow 
onset and the subsequent analgesia outlasts the stim- 
ulation.? This suggests a neurohumoral mechanism 
(e.g., endorphin release) for the analgesia. It is spec- 
ulated that stimulation at the peripheral acupuncture 
site increases somatosensory input to specific brain 
areas (most likely site is the periaqueductal gray 
matter of the midbrain) which results in activation of 
the pain inhibitory system and endorphin release. A 
central site of acupuncture action, rather than release 
of a substance at the peripheral stimulated site, is 
suggested by the ineffectiveness of acupuncture when 
the stimulation. site is rendered insensitive with local 
anesthetic. 

In volunteers, acupuncture increased pain thresh- 
olds 27% after 30 minutes of therapy.” A group not 
receiving acupuncture, but instead administered in- 
travenous saline that was stated to be a "powerful 
analgesic," manifested a 6.996 increase. Naloxone (0.8 
mg IV) administered to those manifesting greater than 
a 2096 increase in pain threshold during acupuncture 
returned the pain threshold to the control level within 
5 minutes. The most likely explanation was the release 
of an endogenous opioid secondary to acupuncture 
stimulation and its subsequent antagonism by nalox- 
one. 


Responses to Inhaled Anesthetics 


Endorphins may play a role in the production of 
analgesia associated with general anesthesia. It has 


~ 
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been proposed that inhaled anesthetics act in part by 
releasing endorphins which are antagonized by nal- 
oxone.? Evidence for this speculation is the partial 
reversal of nitrous oxide analgesia in mice after pre- 
treatment with naloxone (5 mg/kg SC)" (Fig 3). More 
recent studies in man have demonstrated that nalox- 
one (0.4 mg to 8.0 mg IV) decreases analgesia pro- 
duced by nitrous oxide.” ? During light halothane 
anesthesia, naloxone (10 mg/kg IV) increased from 
35% to 69% the number of rats responding to painful 
stimulation? (Fig 4). Similar changes occurred in an- 
imals anesthetized with enflurane and cyclopropane. 
Interpretation of these findings is made difficult in 
view of other studies that were unable to demonstrate 
alterations in halothane MAC (Fig 5) or nitrous oxide 
effects following naloxone.” Furthermore, large 
doses of naloxone may have an analeptic effect. 
Despite this paradox, another more recent study 
again suggests a role for opiate receptors and endor- 
phins not only in analgesia associated with halothane 
anesthesia but also in the circulatory effects produced 
by this drug.” In this study, perfusion of the fourth 
cerebral ventricle with naloxone in dogs anesthetized 
with halothane produced signs of awakening in all 
animals and reversed the reductions in blood pres- 
sure, heart rate, and depression of baroreceptor re- 
sponses produced by 0.75% halothane. The concen- 
tration of naloxone in the cerebral perfusate was 
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Fia. 3. Compared with the control response (no naloxone), nal- 
oxone (5 mg/kg SC) reduced the percent of mice rendered 
anaigesic (inhibition of writhing in response to intraperitoneal 
phenylquinone) during inhalation of 6096 or 80% nitrous oxide. 
Data modified from Berkowitz et al.?! 


similar to the predicted brain concentration that 
would occur in man after the intravenous injection of 
0.4 mg of naloxone. Naloxone perfusion of the lateral 
cerebral ventricle or perfusion of the fourth cerebral 
ventricle with halothane did not produce any changes. 
The lack of effect when halothane was perfused 
through the ventricle ruled out a response due to 
competition of halothane and naloxone for the same 
receptor. The authors speculate the reasons others” 
were not able to demonstrate a change in halothane 
MAC produced by naloxone was most likely related 
to inadequate brain naloxone concentrations at the 


100 


[ead BEFORE NALOXONE 


A 


AFTER NALOXONE 


75 


50 


25 


PER CENT OF RATS RESPONDING 





Ü 


HALOTHANE ENFLURANE C 


3g 

Fig 4. Before naloxone and during inhalation of halothane, 
enflurane, or cyclopropane, approximately 3596 of rats re- 
sponded to a painful stimulus (tail clamp). After naloxone (10 
mg/kg IV) the same painful stimulus resulted in significantly 
more animals responding despite unchanged inspired concen- 
trations of the anesthetics. Data modified from Finck et al.?* 
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Fig 5. Compared with control halothane MAC determinations 
in rats, the subsequent administration of saline or naloxone did 
not significantly change anesthetic requirements. Data modified 
from Harper et al.2° 
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times measurements were made following intrave- 
nous infusions of naloxone. The continuous infusion 
of naloxone eliminates this potential problem. 

On the basis of this study, it is fair to conclude that 
naloxone alters both perception of pain and cardio- 
vascular depression produced by anesthetic concen- 
trations of halothane. This antagonism supports a role 
for opiate receptors and endorphins in modulating 
the action of inhaled anesthetics. The most likely 
mechanism is anesthetic-provoked release of endor- 
phins. However, there is no evidence that loss of 


consciousness produced by anesthetics is mediated . 


by endorphins. 


Circulatory Responses during Shock 


Endorphin release during hemorrhagic and septic 
shock may play a role in the associated circulatory 
changes. For example, naloxone (1 mg/kg IV) admin- 
istered to acutely hemorrhaged awake rats promptly 
increased blood pressure, reduced heart rate, and 
improved survival.” In another study, naloxone (10 
mg/kg IV) not only rapidly reversed endotoxin-in- 
duced hypotensicn in rats but also prophylactically 
blocked its occurrence.” These observations suggest 
that naloxone may be useful in the treatment of 
hypotension due to hemorrhage or septic shock. 


Nevertheless, these data need to be confirmed in: 


primates before naloxone can be seriously considered 
for the treatment of human shock. 

Previous studies have suggested that endotoxins 
release substances responsible for cardiovascular ef- 
fects during septic shock?" ? Endotoxins are also 
known to stimulate ACTH release.” Since beta-en- 
dorphins and ACTH are released simultaneously,” it 
is conceivable that the beneficial effect of synthetic 
corticosteroids in the management of septic shock 
may be at least partially due to inhibitory effects on 
pituitary ACTH release and concomitant inhibition of 
beta-endorphin release. 


Control of Emotion and Behavior 


The amygdala is known to be important in the 
control of emotion and behavior. The rich concentra- 
tion of opiate receptors in the amygdala and the 
similarity of endorphin-induced catatonia in animals 
to schizophrenia suggested endorphins might be in- 
volved in psychiatric illness. Nevertheless, reports 
that beta-endorphin improved symptoms of depres- 
sion and that naloxone was helpful in the management 
of schizophrenia have not been substantiated.” At 
present, it is concluded that there is no evidence, in 
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well-controlled studies, showing endorphin involve- 
ment in psychiatric illness.” 


Development of Narcotic Tolerance and 
Dependence 


Opiate receptors and endorphins may play a role 
in narcotic tolerance and dependence (addiction). In 
one theory, it is speculated that the opiate receptor is 
exposed to a basal level of endorphins.” Exogenous 
narcotic administration causes enkephalinergic neu- 
rons to cease firing and stop releasing enkephalins. 
This is similar to a classic hormonal feedback mech- 
anism in which endogenous production stops when 
the receptor is occupied by an exogenous substitute 
and is identical with the suppression that follows 
exogenous thyroid or steroid administration. Since 
the opiate receptors are exposed only to the exoge- 
nous narcotic, they tolerate more drug to make up for 
the absent enkephalin. When exogenous narcotic is 
stopped, the opiate receptors are without endogenous 
enkephalins as well and withdrawal symptoms ensue. 

Another theory regarding opiate dependence is 
based on the observation that exogenous narcotics 
result in decreased cAMP levels in neurons with 
opiate receptors.” After prolonged exposure, the de- 
creased cAMP levels return to normal by virtue of 
increased adenylate cyclase activity. Conceivably, opi- 
ate tolerance and dependence develop as more exog- 
enous narcotic is needed to keep the now increased 
adenylate cyclase activity in check. Rapid withdrawal 
of the narcotic unmasks this excessive adenylate cy- 
clase activity and withdrawal symptoms ensue until 
endogenous endorphin production is restored. 

In animals, physical dependence and tolerance de- 
velop to endorphins confirming these substances pos- 
sess the same addictive potential as exogenous opi- 
ates.?? It is conceivable that a degree of tolerance and 
dependence on neurotransmitters and neurohor- 
mones may be the normal state while drug-induced 
tolerance and dependence represents only a quanti- 
tative deviation from normality.” 


Pain Management and Opiate Receptors 


The identification of opiate receptors in the sub- 
stantia gelatinosa of the spinal cord has led to new 
concepts for the treatment of acute and chronic pain. 
For example, “selective spinal analgesia” produced by 
the intrathecal injection of narcotics takes advantage 
of these drugs acting directly on the spinal cord opiate 
receptors to interrupt pain pathways. Indeed, intrathe- 
cal morphine (0.5 to 1 mg) produced pain relief lasting 
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an average of 20 hours in six of eight patients with 
intractable chronic pain?? (Table 3). Likewise, narcot- 
ics placed in the epidural space diffuse into the sub- 
arachnoid space to gain direct access to spinal cord 
opiate receptors. For example, preservative-free me- 
peridine (100 mg in 10 ml of saline) injected via an 
epidural catheter produced analgesia in patients with 
cancer pain within 5 minutes.” This analgesia coin- 
cided with high drug concentrations in the cerebro- 
spinal fluid. At the same time, blood meperidine 
concentrations were below analgesic levels. After 30 
to 40 minutes, blood meperidine did approach anal- 
gesic concentrations and sedation was present. Sub- 
sequent injection of naloxone (0.4 mg IV) reversed 
the sedation but not analgesia, suggesting that the 
predominant analgesic effect, even at this time, was 
due to an action on the spinal cord. In another report, 
placement of morphine (2 mg in 10 ml of saline) into 
the lumbar epidural space of patients with either acute 
or chronic pain produced analgesia in 2 to 3 minutes 
which lasted 6 to 24 hours." 

In a series of 98 patients suffering from pain due to 
various causes, extradural morphine (2 to 3 mg in 2 
to 3 ml of 1096 glucose) was found to be particularly 
effective for providing postoperative (abdominal and 


orthopedic procedures) or post-traumatic (rib frac- 


tures) analgesia and relieving pain secondary to ma- 
lignancy. In contrast, extradural morphine (4 mg) 
was not effective in relieving labor pain. This ineffec- 
tiveness may reflect the failure of extradural morphine 
to act on motor and sympathetic fibers. Addition of 
bupivacaine provided prompt relief of labor pain. 
Likewise, conditions in which pain was caused by 
direct local nerve irritation (causalgia) accompanied 
by abnormal reflex activity (muscle spasm and sym- 
pathetic nervous system-mediated vasoconstriction) 
did not respond reliably to extradural morphine. In 
these situations, nerve blocks with local anesthetics 


-that inhibited sympathetic transmission and de- 


creased motor tone were effective. 

Selective spinal analgesia, in contrast to intravenous 
narcotics or regional analgesia with local anesthetics, 
is not associated with sympathetic nervous system 
denervation or blood pressure changes, skeletal mus- 
cle weakness, or cerebral or respiratory depression. 
Patients receiving intrathecal or extradural narcotics 
are able to ambulate immediately after narcotic injec- 
tion without fear of orthostatic hypotension or muscle 
weakness. Another advantage is that undesirable ef- 
fects of narcotics on the gastrointestinal tract, which 
is also rich in opiate receptors, should be minimized 


“a with selective spinal analgesia. Therefore, ileus related 


TABLE 3 


Efficacy and Duration of Intrathecal Morphine or Saline in 
Patients with Chronic Pain* 


Pain intensity (scale 


Mean du- 
, Patient intrathecal injection TERR aun of 
Before After pain relie! 
hr 
1 Morphine, 0.5 mg 7 1 18 
Saline 6 1 6 
2 Morphine, 0.5 mg 7 1 12 
Saline 8 8 0 
3 Morphine, 0.5 mg 5 0 22 
Saline 6 5 0 
4 Morphine, 1.0 mg 5 0 20 
Saline 5 4 Q 
5 Morphine, 0.5 mg 5 1 14 
Saline 6 7 0 
6 Morphine, 0.5 mg 3 1 10 
Saline 3 1 8 
7 | Morphine, 1.0 mg 4 0 24 
Saline . 5 4 (e 
8  Morphine, 0.5 mg 4 0 21 
Saline 5 9 


* Data modified from Wang et al.” 


to narcotics required for postoperative pain relief 
would be unlikely. 
Although selective spinal analgesia represents an 


_ exciting breakthrough in the management of chronic 


intractable pain with additional possible roles in the 
management of acute postoperative and post-trau- 
matic pain, the enthusiasm for this approach must be 
tempered until further data are available. Indeed, 
recent reports have described hypercarbia, hypoten- 
sion, and unconsciousness 6 to 12 hours following 
epidural or intrathecal narcotics.’ In these reports, 
naloxone immediately reversed the undesirable re- 
sponses while analgesia remained intact. This cardi- 
orespiratory and central nervous system depression 
may be related to the pathway for removal of sub- 
arachnoid narcotic. If the choroid plexus is the site of 
removal then intrathecal drugs must pass through the 
fourth cerebral ventricle where the respiratory and 
cardiac centers are located. The delayed onset of 
central nervous system depression is consistent with 
the eventual diffusion of intrathecal narcotics from 
the lumbar area into the fourth cerebral ventricle.” 


Conclusion 


The physiologic role of opiate receptors and endor- 
phins remains largely unknown. Possible roles that 
may be particularly important to anesthesiologists 
include pain perception and production of analgesia, 
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responses to inhaled anesthetics and circulatory 
changes during hemorrhagic or septic shock. In ad- 
dition, the intrathecal or extradural injection of nar- 
cotics to produce selective spinal analgesia represents 
an exciting potential advance in pain management. 
Nevertheless, enthusiasm for this approach must be 
tempered until additional data are available. 
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Spinal Anesthesia for 
Surgery in Patients with 
Previous Lumbar 
Laminectomy 


Samuel Berkowitz, MD,* and 
Martin I. Gold, MD} 


It is a common belief that previous surgery on the 
lumbar spine (either laminectomy or fusion) repre- 
sents a relative or absolute contraindication to spinal 
anesthesia, although no data exist to support this 
contention. Extensive search of the literature includ- 
ing standard anesthesia! and orthopedic textbooks as 
well as monographs on regional and spinal anesthesia” 
do not mention or support this belief. Nevertheless, 
spinal anesthesia is often withheld in patients because 
of a history of a previous lumbar laminectomy. The 
following prospective study was performed on elderly 
patients with pulmonary or cardiovascular diseases 
primarily undergoing transurethral resection of the 
prostate. All these patients had previously undergone 
a lumbar laminectomy. 


Methods 


Informed consent was obtained from 33 patients 
who had 42 spinal anesthetics for urologic procedures. 
The study was carried out prospectively for ail but 
three patients. Mean age, weight, and height were 61 
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years, 80.4 kg, and 178 cm, respectively. We consid- 
ered that spinal anesthesia was the approach of choice 
in these postlaminectomy patients for transurethral 
resection of the prostate. 

A brief neurologic examination was performed on 
each patient before intrathecal injection. A careful 
assessment of the vertebral column was made from 
x-rays with the consultation of a radiologist and the 
exact site of prior laminectomy and/or fusion was 
determined. All patients had a surgical scar in the 
lumbar area of the spine. All patients were followed 
postoperatively in the hospital wizh identical neuro- 
logic examinations. Most of these patients returned to 
their respective outpatient clinics where they were 
also examined. 

The lumbar puncture was performed at some point 
above the scar, but in a few instances the site chosen 
was below or through the scar. Most patients sat up 
thereby creating maximal widening of the interspace 
chosen. 


Results 


All lumbar punctures and the ensuing spinal anes- 
thesia were successful except for one anesthetic that 
was not administered by the authors. Hyperbaric 
tetracaine, with or without 0.1 mg of epinephrine, was 
utilized in all instances. No clinical difficulty or com- 
plications with either surgery or anesthesia occurred. 
Motor function returned within 1 to 2 hours and 
sensation within 2 to 3 hours. 

Table 1 depicts the type of surgery and patients 
with single or more procedures, Table 2 the sites of 
surgery, and Table 3 the differential between lami- 
nectomy site and lumbar puncture. 


Discussion 


Anesthesiologists avoid spinal anesthesia in pa- 
tients who have had previous laminectomy. Radiolo- 
gists, however, perform myelograms in patients who 
have had laminectomy or spinal fusions and inject a 


881 


ANESTHESIA AND ANALGESIA 
Vol 59, No 11, November 1980 


CLINICAL REPORTS 


TABLE 1 
Type of Surgery 
Transure- 
thral resec- 
tion of pros-  Hernior- Misc Total pro- 
tate and gen- rhaphy cedures 
itourinary 
surgery 
Single procedures 19 5 2 26 
(n = 26) 
Multiple procedures 8 3 5 16 
(n = 7) 
Totals 27 8 7 42 
TABLE 2 


Number and Locations of Laminectomies and Fusions per 
Vertebral Site for 33 Patients 


` Site 
. Total 
L5- Multi- 
L1-2 L2-3 L3-4 L4-5 $1 ple 
Laminectcmies 3 2 4 14 2 10 35 
Fusions 1 4 5 
TABLE 3 


Differential between Laminectomy Site and Lumbar 
Puncture, Dose of Tetracaine, and Time Relationships 


Time difference 


Space differen- between amis 





tial between larie _Teltarana:. "oet and 
eoon a ? present surgery 
jection site (cm) 
(yr) 
Mean 2.0 11.0 15.3 
SD 1.1 2.64 11.62 
S en 0.17 0.41 1.79 
Variance 1.19 6.82 135.01 
à m 41° 42 





* One failed, L3-4. 


radiopaque dye into the intrathecal space.” * In addi- 
tion, spinal anesthesia is administered for lumbar disc 
surgery," ° and this includes many patients who have 
had prior laminectomy. A dichotomy, therefore, exists 
between practice, on the one hand, and persistence of 
an "old wives' tale" on the other. A landmark study 
was performed by Vandam and Dripps’ in which 
10,098 spinal anesthetics were administered, and 89% 
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of these patients were followed for 6 months to 5 
years without uncovering any case of severe progres- 
sive neurologic disease. However, spinal anesthesia 
had been inadvertently administered to some with 
neurologic problems. Two of these patients had his- 
tory of sciatic pain with persistence of leg pains after 
anesthesia and one had backache persisting after 
spinal puncture. There was no cause-and-effect rela- 
tionship between the anesthetic and exacerbation of 
symptoms but the authors concluded that “spinal 
anesthesia should not be given to a patient with 
affliction of the central nervous system or spinal 
column." This recommendation may have initiated 
the trend of avoiding spinal anesthesia for patients 
with prior laminectomy. In addition, in the present 
milieu of litigation, the majority of anesthesiologists 
and surgeons prefer to follow this caveat. Therefore, 
although a scientific reason does not exist, there are 
emotional and medicolegal influences that seem to 
preclude the use of spinal anesthesia in such patients. 

We have administered spinal anesthesia to patients 
with prior laminectomy fusion and have not encoun- 
tered complications, but on the contrary, clinical suc- 
cess. Further, in the elderly and in patients with severe 
medical illness for whom spinal anesthesia may be 
particularly advantageous, we believe that it should 
be used provided the patient is aware of the potential 
for complications and this is so noted on progress 
notes. We conclude that there is no logical basis for 
avoiding anesthesia in such postlaminectomy patients. 
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Anesthetic Management 
for Separation of 
Craniopagus Iwins 


K. C. Wong, MD, PhD,* Akito Ohmura, 
MD,rt Theodore H. Roberts, MD,= 

Lynn R. Webster, MD,8 and 

Gary L. Cook, MD§ 


In 1967 Keats et al! reviewed the published data on 
anesthetic management for separation of conjoined 
twins. Of the 21 cases reported, five were for sepa- 
ration of craniopagus twins. Since the incidence of 
births of conjoined twins is estimated at 1:50,000 live 
births worldwide,” with a distribution of thoracopagus 
(including xiphopagus and omphalopagus) 7396, py- 
gopagus 19%, ischiopagus 6%, and craniopagus 2%, 
the review of Keats et al’ suggested a surprisingly 
large number of craniopagus twins who had been 
subjected to surgical separation. A more recent review 
of anesthetic management of conjoined twins reported 
17 cases from 1965-1974 including two cases of cran- 
iopagus twins,” but there were no specific comments 
on anesthetic management referable to these two 
cases performed in South Africa (Cywes, 1966) and 
in France (Pertuiset, 1974).^ We report our experience 
in the management of craniopagus twins that finally 
led to their successful separation on May 29, 1979. 


Case Report 


The Hansen twins (Elisa and Lisa) were diagnosed in 
utero on x-ray to be joined by the top of their heads, 
craniopagus parietalis-type; they were thus delivered by 
cesarean section at 36 weeks of gestation on October 18, 
1977. With the exception of their conjoined cranial vaults, 
they were normal in every respect. 

Our first anesthetic experience with the twins was for 
cerebroangiograms on February 17, 1978. The combined 
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weights of the twins was 9 kg. For the first anesthetic the 
essential goals were to establish and maintain both airways 
and to keep the anesthetic equipment and management 
simple to avoid confusion in a confined radiology special 
procedure room and to ensure maximal mobility of the 
patients, who had to be moved frequently. Án anesthesia - 
team of faculty member and resident was assigned to each 
patient. Only one anesthetic machine was used. The single 
gas supply hose from the machine was connected to a “Y” 
connector which delivered the same gas mixture to both 
patients through a modified non-rebreathing Jackson-Rees 
system for each. Intraoperative monitors included ECGs, 
Doppler arm-cuff pressures, esophageal stethoscopes, and 
rectal telethermometers. The patients received only preop- 
erative atropine, 0.1 mg IM each, and were quite vigorous. 
Awake endotracheal intubations were, therefore, not at- 
tempted. Anesthesia was induced simultaneously in both 
twins with halothane-NeO-O2 by mask. Oral tracheal in- 
tubation was done sequentially with pre-formed U-shaped 
transparent plastic tubes (RAE tubes, National Catheter 
Corp) without difficulty. Oral pharyngeal anatomy of both 
patients was normal. Intravenous catheters for administra- 
tion of 5% dextrose in lactated Ringer’s solution were in- 
serted following tracheal intubation. Anesthesia was main- 
tained by halothane in NeO and O; (50%) without the use 
of muscle relaxants. 

Although the anesthetic system provided the desired ease 
of mobility, especially when the patients had to be moved 
into another room for head-scan by computed tomography, 
a serious anesthetic problem developed. Lisa developed 
hypotension from the same mixture of anesthetic gases that 
was required to keep Elisa anesthetized. Reduction of hal- 
othane concentration, hydration of Lisa, and partial muscle 
paralysis of Elisa by pancuronium, 0.5 mg IV, were insti- 
tuted to carry through this first difficult anesthetic experi- 
ence which lasted 2 hours 45 minutes. Intravenous admin- 
istration of pancuronium to Elisa produced no clinically 
evident reduction in respiratory effort in Lisa, suggesting 
either that the single dose of intravenous pancuronium in 
Elisa was largely taken up in one circulation time or that 
the interconnecting cerebral circulation directed venous 
blood flow from Lisa to Elisa and arterial blood flow from 
Elisa to Lisa (Fig 1) (This hypothesis is further discussed 
below.). 

Between February 17, 1978, anc May 29, 1979, when the 
operative separation was undertaken, seven halothane an- 
esthetics were administered to these twins by various faculty 
members and residents for a variety of surgical procedures. 
Of interest was one of the earlier procedures which involved 
the placement of an adjustable steel band around the sep- 
arating point between the two heads. It was proposed that 
periodic tightening of the band m:ght not only improve the 
contour of the heads, but promote the development of 
collateral cerebral circulation from the tightening effect of 
the band on the more superficial vessels. The band had to 
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arterial 


Fie 1. Possible hemodynamics in the craniopagus twins. The 
higher arterial blood pressure in Elisa promotes arterial blood 
flow to Lisa. The higher venous blood pressure of Lisa directs 
venous blood flow to Elisa. Continuous positive alveolar pressure 
in Elisa reduces cardiac filling and cardiac output in Elisa, while 
it improves cardiac filling and cardiac output in Lisa. 


be removed when the patients developed seizure activity. 
Other procedures included periodic ligation of superficial 
cerebral vessels connecting the brains and development of 
skin flaps in preparation for the final separation. Separate 
anesthetic machines for each patient were used for the 
seven surgical procedures. Each time it was noted that Elisa 
required more anesthesia than Lisa, while using the same 
anesthetic regimen of halothane-N2O-O:2 without muscle 
relaxants. It also became more noticeable during each an- 


esthesia that Elisa's blood pressure was becoming progres- . 


sively higher than Lisa's, although their physical develop- 
ment was similar. Lisa was also noted to require three times 
as many diapers as Elisa, suggesting that Lisa had better 
renal perfusion. 

Surgical separation of the twins was scheduled for May 
29, 1979, following 15 months of preparation. Fig 2 is a 
picture of the twins taken in April 1979. The weight of both 
' twins was 15 kg at this time. Hematocrit was around 32% 
for both, while blood chemistry determinations were similar 
for both and within normal values. The patients were placed 
on two operating tables locked end-to-end and heating 
pads, blood warmers, and heating lamps were used to 
safeguard against heat loss. Preoperative medications con- 
sisted of atropine, 0.2 rng IM, each. Oral tracheal intubation 
(4.5-mm RAE tube) was facilitated by halothane-N2O-O» 
induction. Benzoin was applied to the faces and ligatures 
tied around the endotracheal tubes to further secure the 
taping of the tubes. Intraoperative monitors included Dop- 
pler arm-cuff pressures, radial arterial catheters for meas- 
urement of pressures and blood gas tensions, central venous 
pressure lines, rectal temperature probes, esophageal steth- 
oscopes, ECGs, and urinary catheters. An 18-gauge intra- 
venous catheter was placed in each patient for administra- 
tion of 596 dextrose in lactated Ringer's solution. The an- 
esthetic gases were delivered through a Bain breathing 
circuit with a heat humidifier. Blood loss was replaced on 
the basis of (1) clinical assessment of cardiovascular stability 
(i.e., blood pressure, heart rate, and pulse contour of arterial 
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Fia. 2. Preoperative photograph taken April 1979. 


TABLE 
Clinical Data of Craniopagus Twins 
Elisa Lisa 
Hematocrit (96) 
Preoperative 32.6 31.6 
Postoperative day 1 32.2 28.0 
Postoperative day 2 29.5 25.2 
Intraoperative 
Estimated blood loss (ml) Total-2600 
Whole blood transfused (ml) 1175 1490 
596 dextrose in lactated Ringer's (ml) 1100 2100 
Fresh frozen plasma (ml) None 40 
Platelets transfused (u) None 4 


Urine output (ml) 450 369 
Arterial blood gases and serum elec- 
trolytes kept within normal limits 
Total surgical time: 16 hours 45 minutes 


pressure tracing), (2) hematocrit of each patient, and (3) 
measured blood loss. Hematocrit was measured hourly or 
when necessary, while blood chemistries were determined 
every 2 hours. Arterial blood gas tensions were measured 
hourly or when necessary and maintained at normal values 
during assisted respiration (i.e., Po, 100 torr, Pco, 34 to 38 
torr, and pH 7.40 to 7.45). Blood coagulation tests (pro- 
thrombin time and partial thromboplastin time) were done 
on each patient following the administration of 600 ml of 
whole blood, the estimated blood volume of each patient. 
Fresh frozen plasma (2 units) and platelets (4 units) were 
given once to Lisa when her coagulation tests decreased 
slightly below control values. Clinical data are presented in 
the Table. 

Anesthesia was initially maintained using halothane- 
NeO-Oz2 (50%) without muscle relaxant with assisted venti- 
lation. Elisa had an arterial blood pressure of 120/80 torr at 
the onset of surgery but gradually developed pressures of 
150/90 torr 2% hours into surgery, requiring the addition of 
2% to 3% enflurane to the 2% halothane for a period of time 
to keep the pressures around 120/80 torr. (The rationale for 
the addition of enflurane was based upon the belief that 
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onflurane is a better vasodilator and is less of a cardiode- 
pressant than halothane, which was gradually discontin- 
Jed.) In contrast, Lisa started with an arterial blood pressure 
of 96/60 torr and it was difficult to keep her blood pressure 
at 80/40 with as little as 0.25% halothane. Fearful that Lisa 
might move because of inadequate anesthesia, intravenous 
fentany! in 10-ug doses was given to Lisa over the next 3 
hours. We chose not to administer muscle relaxant to either 
patient, not only because spontaneous respiration was one 
of our important intraoperative monitors but also, more 
importantly, to decrease the danger should inadvertent 
extubation occur in association with surgical maneuvers 
(the airways were inaccessible under the surgical drapes). 

Lisa's blood pressure continued to decrease in spite of 
careful blood replacement and crystalloid infusion, and 
fentanyl was discontinued following a total dose of 250 ug 
over 3 hours. Elisa continued to require 2% to 3% enflurane 
in N;O-O»s (50%), without halothane, to lower her blood 
pressure close to 120/80 torr. We were only about 5% hours 
into the operation at this point; there were many hours of 
difficult surgery ahead. Since the blood gas tensions and 
blood chemistries were satisfactory, we felt that we could 
not continue to give Elisa the high concentration of anes- 
thetics without pharmacologically affecting Lisa's blood 
pressure. We decided to try a mechanical maneuver to 
reduce Elisa’s blood pressure by methods other than in- 
creasing anesthetic concentration or the use of pharmaco- 
logic approaches that might make Lisa more hypotensive. 
Continuous positive airway pressure (CPAD) of 10 to 20 cm 
HzO was administered to Elisa with the hope of reducing 
Elisa’s cardiac filling and cardiac output (Fig 1). To our 
delight, not only was there a reduction of 20 torr systolic 
pressure in Elisa, there was a concurrent increase of 15 to 
20 torr systolic pressure in Lisa. Each time the CPAP was 
discontinued, the original blood pressures of the patients 
would gradually return in 2 to 3 minutes. Thus, for the next 
8 hours, before the patients were separated, CPAP was 
given to Elisa most of the time to help to equalize their 
blood pressures. As more and more of the cerebral vessels 
were divided, CPAP became less and less effective in ele- 
vating Lisa's blood pressure but continued to be effective in 
lowering Elisa's blood pressure. Following the separation 
Lisa was less hypotensive (90 to 100/60 torr) and Elisa was 
less hvpertensive (100 to 110/70 torr). 

Accidental extubation of Lisa did occur following the 
separation. Fortunately the patients were already on sepa- 
rated tables; this occurred during the period in which Lisa 
could be and was rapidly reintubated since at this time their 
brains were being covered with cadaver dura. Both Lisa and 
Elisa, extubated in the operating room, were awake and 
crying at the end of surgery. Total operating time was 16 
hours 45 minutes. 

Postoperative anesthetic recovery was essentially un- 
eventful. Major concerns were the prevention of infection 
and surgical repair of cerebral spinal fluid leak that required 
no support from the anesthesia personnel. Since some 
connecting brain tissue had to be divided, there was hemi- 
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paresis of the opposite sides in both twins, with the arm 
being more affected than the leg. Following appropriate 
physiotherapy and rehabilitation both twins are using all 
extremities well and learning to talk at 24 months of age. 


Comments 


Two major complications are common to published 
reports?’ on the separation of craniopagus twins: 
severe hemorrhage, frequently resulting in circulatory 
collapse, and maintenance of clear airways that fre- 
quently become obstructed from secretions or from 
kinked endotracheal tubes or accidental extubation. 
Other problems reported in the literature stemmed 
from the lack of modern monitoring equipment or 
anesthetic management of 15 to 27 years ago. These 
reports were, however, most helpful in our planning. 
We had the benefit of continuous arterial pressure 
monitoring, immediate results of measurements of 
blood gas tensions and blood chemistries, and full 
cooperation of the Blood Bank. These advantages 
undoubtedly played a significant role in our success. 

The estimated blood loss in our patients, 2600 ml, 
is small in comparison with published data.” ê Praise 
is in order for our surgeons. However, the authors are 
also aware that there are different forms of cranio- 
pagus: craniopagus parietalis, with the faces oriented 
in the same? or opposite directions; craniopagus fron- 
talis, with brow-to-brow attachment?; and craniopa- 
gus parietalis with other directional orientation of the 
faces and cerebral deformity and asymmetry.’ The 
problems of surgery and anesthetic management of 
the different types of craniopagus may, therefore, 
vary widely depending upon the anatomic finding. 
Thus, anesthetic experiences may not be entirely ap- 
plicable from one case of. craniopagus to another. Hall 
et al’ noted inconsequential pharmacologic action in 
the second of craniopagus twins when the first twin 
received preoperative medication or nitrous oxide. 
Ballantine and Jackson? on the other hand, observed 
an anesthetizing effect in the second twin 10 minutes 
following induction of anesthesia in the first twin. 
Our experience suggests that in our twins inhalation 
anesthesia was passed from the patient with higher 
arterial blood pressure (Elisa) to the patient with lower 
arterial blood pressure (Lisa). 

Lisa tended to become more hypotensive than Elisa 
during anesthesia, an occurrence that is perhaps easier 
to explain than why Elisa tended to become hyperten- 
sive during anesthesia. Elisa gradually developed 
higher blood pressures than Lisa (120/80 vs 96/60 
torr) over their initial 17 months of growth. It seems 
logical then that arterial blood tended to shunt to Lisa 
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while venous blood tended to shunt to Elisa (Fig 1). 
Elisa’s arterial blood that picked up alveolar anesthetic 
gases, especially during the early phase of anesthesia, 
would thus be shunted to Lisa. It may also be possible 
that Lisa was physiologically more sensitive to neural 
depressants than Elisa. The fact that Elisa always had 
only one third of the wet diapers of Lisa may suggest 
less renal perfusion in Elisa and a possible renal 
hypertension. CPAP was effective in reducing cardiac 
filling of Elisa while concurrently retarding venous 
blood flow from Lisa to Elisa, effectively improving 
cardiac filling in Lisa (Fig 1). Therefore, CPAP reduced 
cardiac output in Elisa while increasing cardiac output 
in Lisa, resulting in a reduction and elevation of 
arterial blood pressures, respectively. Separation of 
the twins eliminated this response to CPAP. 

Eight months following surgery, both twins are 
catching up on their physical and social growth. There 
is increasing optimism that they may grow up to be 
normal children. 

In summary, the basic principles of optimal patient 
management in craniopagus twins (i.e., airway, Car- 
diovascular stability, meticulous administration of 
drugs, etc) are the same for all patients. It is just more 
difficult to do them well in craniopagus patients. The 
problems with respect to airway management, cardio- 


vascular stability, and pharmacologic action of drugs 
from circulatory connection have been discussed. Al- 
though these features may be experienced among 
separation of all conjoined twins, each case will have 
its unique differences. It cannot be overstated that 
team work is the most important factor in our success. 
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Avoidance of Surgical Hyperglycemia in Diabetic Patients 


A confusing variety of regimens exist for the management of diabetic hyperglycemia (serum glucose 
level greater than 250 mg/dl) occurring in the perioperative period. The need for effective blood 
glucose control in the diabetic is, however, well supported since perioperative hyperglycemia may 
contribute to the development of diabetic ketoacidosis and hyperosmolar, hyperglycemic, nonketotic 
coma. This study examines a simple technique that can achieve and maintain strict blood glucose 
control in patients who have severe hyperglycemia on the morning of surgery. Intraoperative glucose 
level control was accomplished in seven insulin-dependent patients and one diet-controlled diabetic, 
with the use of constant low-dose glucose infusion of 100 mg/kg/hr and variable infusion rates of 
insulin to control serum glucose levels. Insulin was administered at 20 units per hour for serum 
glucose levels greater than 200 mg/dl and 1 unit per hour for levels between 80 and 200 mg/dl. No 
insulin was given for levels less than 80 mg/dl. Using this technique in the eight diabetic patients 
with serum glucose levels greater than 250 mg/dl before surgery, serum glucose levels were brought 
rapidly under control (i.e., glucose level less than 200 mg/dl). In the small group of patients studied 
this management protocol proved safe and effective. (Woodruff RE, Lewis SB, McLeskey CH, et al: 
Avoidance of surgical hyperglycemia in diabetic patients. JAMA 244:166 -168, 1980) 
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Inadvertent “3-in-1 
Block” following Injection 
of the Lateral Cutaneous 


Nerve of the Thigh 


Nigel E. Sharrock, MB, ChB 


Blockade of the lateral cutaneous nerve of the thigh 
is performed by injecting inferomedial to the anterior 
superior iliac spine, in a wedge-like fashion, without 


eliciting a paresthesia.’ The present case is of interest. 


because anesthesia of the lumbar plexus developed 
following a nerve block of the lateral femoral cuta- 
neous nerve of the thigh in which the injection of 
local anesthetic was made at the site of a paresthesia. 


Case Report 


Consultation was requested on a 34-year-old, slightly 
obese woman with a 14-week history of pain along the 
lateral aspect of her right thigh. Neurologic evaluation 
revealed hyperesthesia in the distribution of the lateral 
cutaneous nerve of the thigh and slight weakness of hip 
flexion. Lumbar myelogram, electromyelogram, and com- 
puted tomography (CT scan) of the lumbar area revealed 
no abnormalities. A block of the lateral cutaneous nerve of 
the thigh with 10 ml of 0.5% bupivacaine (Marcaine) abol- 
ished the pain for 6 hours. A nerve block was repeated the 
following day using a local anesthetic mixture in which 8 
mg of dexamethasone was dissolved in 30 ml of 0.5% 
bupivacaine; 10 ml as injected inferomedially to the anterior 
superior iliac spine as before. A 1%-in, 22-gauge needle was 
then inserted beneath the inguinal ligament at its attachment 
to the anterior superior iliac spine in an attempt to deposit 
some steroid at the site of potential nerve entrapment; 3 ml 
was injected beneath the ligament, Then the needle was 
advanced several millimeters further whereupon a pares- 
thesia to the lateral thigh was obtained. At this point an 
additional 7 ml of the local anesthetic mixture was injected. 
Within several minutes following the injections the patient 
had no pain but was unable to elevate her leg. Physical 
examination revealed paresis of hip flexion, knee extension, 
and adduction of the thigh. Absence of pain to pinprick was 
elicited in the distribution of both femoral and lateral 
cutaneous nerves of the thigh with numbness extending 
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from the groin to the dorsum of the foot. Eighteen hours 
later the pain recurred, though with diminished intensity, 
and full motor power had returned within 25 hours. Addi- 
tional reduction but not abolition of her symptoms occurred 
following an additional injection beneath the inguinal liga- 
ment. This improvement was still apparent at follow-up 3 
months later. 


Discussion 


The “3-in-1 block" entails injection of 20 ml of 
local anesthetic into the femoral nerve at the site of 
paresthesia with resultant blockade of the obturator, 
femoral, and lateral cutaneous nerves of the thigh.’ It 
has been suggested that in a 3-in-1 block the local 
anesthetic spreads proximally to the paravertebral 
area producing anesthesia of each nerve trunk. How- 
ever, radiographs taken following injection of 20 ml 
of radiopaque dye show the dye lying primarily on 
the iliac muscle with none extencing out of the pelvis.” 
If the local anesthetic acts as the nerves pass over the 
iliacus muscle, this would explain why the small 
volume (7 ml) injected onto the anterior aspect of the 
iliacus muscle provided such extensive anesthesia in 
our case. | 

The lumbar plexus lies, as described by Winnie et 
al^ ? in the intermuscular layer between the psoas 
muscle anteriorly and the quadratus lumborum and 
iliacus muscles posteriorly, and it is this layer through 
which the nerves originating from T12 to L4 course. 
Successful plexus anesthesia results when an adequate 
volume of local anesthesic is injected anywhere within 
the intermuscular plane enveloping the nerves of the 
plexus. This is apparent with the cervical and brachial 
plexuses where injections at the fourth? or sixth cer- 
vical’ and supraclavicular® levels may result in both 
brachial and cervical plexus anesthesia. The ability to 
obtain lumbar plexus anesthesia by injecting into the 
interfacial plane at different sites provides the oppor- 
tunity to develop a site for injection into a less vas- 
cular area than the femoral nerve, preferably at a site 
not requiring the injection to be made close to, or 
into, a peripheral nerve. 

The method of anesthetizing the lateral femoral 
cutaneous nerve in this case is not recommended. 
First, 10 ml of local anesthetic solution is more than 
adequate to block this nerve. Second, searching for, 
and injecting at the site of a paresthesia, may not only 
result in extensive anesthesia, but also in a postoper- 
ative paresthesia. Fortunately, this patient was hospi- 
talized so she remained in bed for 24 hours. Those 
receiving similar injections as outpatients should be 
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Application of Transesophageal Echocardiography to Continuous Intraoperative 
Monitoring of Left Ventricular Performance 


Transesophageal M mode echocardiography was used for continuous monitoring of left ventricular 
dimensions in 21 patients (11 with valvular and 10 with coronary heart disease) undergoing open 
heart surgery. Echocardiograms were recorded during six stages of the procedure and simultaneous 
measurements of cardiac output (dye dilution) and atrial pressures were made. Measurements of left 
ventricular diameters with the transesophageal technique correlated excellently with the corresponding 
measurements obtained with the standard parasternal method. In patients with volume overload, 
surgical correction was accompanied by a decrease in diastolic dimension, velocity of circumferential 
fiber shortening, mid-wall stress and end-diastolic stiffness, and an increase in cardiac output. 
Pericardial and chest wall closures generally caused a significant decrease in cardiac output and 
correlated with a decrease in diastolic diameter and an increase in the stiffness constant of the left 
ventricle. Thus, the decrease in cardiac output may have been due to decreased distensibility of the 
ventricular cavity secondary to mechanical restriction by the pericardium and chest wall. Pericardial 
opening caused a significant delay in septal motion that was reversed by closing the pericardium. 
This study confirms the validity of transesophageal echocardiography and its usefulness in monitoring 
changes in ventricular function during cardiac surgery. (Matsumoto M, Oka Y, Strom J, et al: 
Intraoperative monitoring using transesophageal echocardiography. Am J Cardiol 46:95-105, 1980) 
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Pancuronium and the 
Triggering of 
Malignant 
Hyperthermia 


To the Editor: 


In the introductory paragraph to 
their interesting report of a case of 
malignant hyperthermia (MH), Drs 
Waterman, Albin and Smith’ remark 
that “Pancuronium has not been re- 
ported as a triggering agent for MH.” 
This statement is only correct if ap- 
plied to man. In 1972, Chalstrey and 
Edwards,” reported the triggering of 
malignant hyperthermia in the MHS 
pig by pancuronium. We and others 
have been unable to repeat this find- 
ing in pigs susceptible to MH.? In fact, 
pancuronium may even have a pro- 
tective action. Short et al? recom- 
mend pancuronium as the relaxant of 
choice in the MHS swine, as do Caine 
and Ellis in humans, as indeed is 
mentioned in the discussion of Wa- 
terman et al.! 

Studying this case report! one can 
form no opinion of the time it took 
for the patient's temperature to rise 2 
C, from 37-39 C. The time elapsing 
between administration of a muscle 
relaxant with anaesthesia and prepa- 
ration of the abdomen for surgery— 
when in this case the skin was felt to 
be hot—is usually only a matter of 
minutes. Perhaps, as is suggested in 
the discussion, it may well have been 
one of the premedicant drugs that was 
the guilty agent; this would have al- 
lowed the appropriate time interval 
for the temperature to rise. 


Gaisford G. Harrison, MD FFARCS 
Department of Anaesthetics 
University of Cape Town 

Medical School 
Observatory 7925 
Cape Town, South Africa 
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Intra-arterial 
Reserpine 


To the Editor: 


| read with interest the report by 
Benzon et al.’ Unfortunately this re- 
port was limited to two cases which 
constituted only a treatment group. It 
is perhaps a pity the "control or pla- 
cebo group" is often forgotten nowa- 
days. Several years ago our pain con- 
trol group was also fascinated by the 
concept of intravenous reserpine for 
reflex dystrophies. Our first treat- 
ments were quite salutory and we 
were wildly enthusiastic. However, 
after some soul-searching we used 
each of our long-term patients as a 
control, and employing a cross-over 
technique injected intravenous saline 
instead of reserpine during the period 
of tourniquet occlusion. Lo and be- 
hold, the results with saline were 
quite comparable to that of reserpine! 
Our conclusions were: (1) this tech- 
nique is a powerful placebo; (2) the 
reflex venodilation and increased 
blood flow following 25 minutes of 
vascular occlusion with a cuff signif- 
icantly helps diminish the pain of 
sympathetic dystrophy; and (3) saline 
and reserpine are of equal value. 

I urge that all biologic studies, par- 
ticularly in the area of pain, employ 
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a control or placebo group prior to 
publication. 


Burnell R. Brown, Jr., MD, PhD 
Department of Anesthesiology 
The University of Arizona 
Tucson, Arizona 85724 
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To the Editor: 

Benzon et al! recently reported two 
cases of reflex sympathetic dystrophy 
successfully treated with intravenous 
regional reserpine. Before assuming 
that pain relief in these patients was 
secondary to adrenergic blockade, 
there should be documentation of 
persistently elevated skin tempera- 
ture in the blocked extremity. 

We have performed intravenous 
regional reserpine injections in eight 
patients with chronic reflex sympa- 
thetic dystrophy using 0.8 to 0.9 mg 
for upper extremities and 1.25 mg for 
lower. Only two patients, one with 
upper and one with lower extremity 
pain, obtained lasting relief (1 month 
or more). Both have been successfully 
treated with repeat injections. All pa- 


tients treated exhibited increased skin 


temperature on the injected side fol- 
lowing release of the tourniquet, per- 
haps related to reactive vasodilation, 
but none demonstrated persistent 
changes 3 tc 4 days later. Animal 
studies’ suggest that replacement of 
norepinephrine storage granules, re- 
quiring 5 to 7 weeks, is necessary for 
return of adrenergic function follow- 
ing large doses of systemic reserpine. 
Therefore, it should be possible to 
demonstrate evidence of adrenergic 
blockade for some weeks after the 
procedure. 

Benzon et al’ report the absence of 
side effects in their two patients. In 
our series we had two disturbing re- 
actions. A previously healthy 73- 
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year-old woman, several hours after 
intravenous regional injection of 0,9 
mg of reserpine had a syncopal epi- 
sode with loss of consciousness for an 
unknown period of time. A 50-year- 
old woman, also in good health, ex- 
perienced orthostatic dizziness for 2 
days and mild somnolence for 10 days 
after 0.8 mg of reserpine. 

Another problem we encountered 
with this treatment was severe burn- 
ing pain in the extremity during in- 
jection of dilute reserpine. This can 
be prevented by prior injection of 15 
to 20 ml of 0.5% lidocaine. 

Intravenous regional reserpine may 
be a reasonable alternative to stellate 
ganglion block, but careful studies of 
this method of management are 
needed. 


Stephen E. Abram, MD 
Department of Anesthesiology 
The Medical College of Wisconsin 
Milwaukee, Wisconsin 53226 
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Hepatitis following 
Enflurane 


To the Editor: 


In their clinical report! "Hepatitis 
Associated with Enflurane Anesthe- 
sia" Ona et al describe the case of a 
62-year-old woman who received two 
enflurane anesthetics at this institu- 
tion and developed liver injury fol- 
lowing the second cf these anes- 
thetics. Several additional facts may 
suggest other potential explanations. 

The patient had a history of sus- 
pected alcohol abuse, and was hospi- 
talized in 1976 for abdominal pain. At 
that time liver function tests (SGOT, 
SGPT, and LDH) were elevated. Prior 
to her first prócedure on January 23, 
1978, not all laboratory values were 
normal: SGOT was 36 (normal range 
is 8 to 30). On January 29, before the 
second procedure, a number of labo- 
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ratory results were abnormal: SGOT 
was 37; alkaline phosphatase 120 
(normal range 25 to 95); LDH 207 
(normal range 97 to 193). 

As described in the original report, 
12 hours following the second oper- 
ation of January 30 the patient devel- 
oped a 40.6 C fever, a generalized 
urticarial rash, nausea, vomiting, con- 
fusion, disorientation, and urinary 
and fecal incontinence. The fecal in- 
continence was of diarrhetic stool and 
watery diarrhea recurred for the next 
24 hours. The fever resolved over the 
succeeding 3 days. Evidence of liver 
injury was obtained on the third post- 
operative day and serum enzymes 
were sustained at modestly elevated 
levels (e.g, maximum SGOT and 
SGPT were 265 and above 300 re- 
spectively on February 12) for several 
weeks thereafter. A liver biopsy taken 
on the tenth postoperative day was 
interpreted as consistent with drug- 
induced hepatitis. However, this 
specimen subsequently was reviewed 
by Edward A. Smuckler, MD, PhD, 
Chairman of the Department of Pa- 
thology, University of California, San 
Francisco, who suggested another in- 
terpretation. It was his opinion that 
the liver changes were not diagnostic 
of a chemical-based injury. Further- 
more, he stated that these changes 
were "consistent with injury due to a 
variety of other agents, especially vi- 
ruses.” 

Had not enflurane been adminis- 
tered, one might entertain a diagnosis 
of viral encephalopathy and gastroen- 
teritis with secondary liver abnormal- 
ities in a patient with a possible his- 
tory of alcohol abuse. It is apparent 
that reasonable minds can differ on 
issues such as these. The attending 
physicians could not demonstrate 
clinical findings compatible with ai- 
coholic liver disease and the patient's 
liver biopsy did not support a diag- 
nosis of alcoholic damage. Enflurane 
was implicated because of its repeated 
administration coupled with the ini- 
tial interpretation of the liver biopsy. 
The debate could go on forever. 

While the debate goes on, the cli- 
nicians responsible for this patient 
must decide what to tell her. Despite 
our reservations concerning the etiol- 
ogy of the liver dysfunction, given the 
array of anesthetic choices available 
today, we believed it prudent to ad- 
vise this patient not to accept another 


halogenated anesthetic. We would 
wish to emphasize, however, that this 
advice does not indicate that we be- 
lieve that enflurane was responsible 
for the liver injury. 


Charles J. Vacanti, MD 
Therese G. Lynch, MD 
Department of Anesthesiology 
St. Mary’s Hospital 

89 Genesee Street 

Rochester, New York 14611 
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Malignant 
Hyperthermia 


To the Editor: 


The paper of Mitchell et al’ came 
to a conclusion that halothane in- 
duced a biochemical defect in muscle 
of normal and malignant hyperther- 
mia (MH)-susceptible pigs. Also, 
based on results of this study, it was 
concluded that “mitochondria in all 
tissues will be affected by halothane 
with detrimental! effects to the metab- 
olism of these tissues.” The authors 
take a giant step when they extrapo- 
late from the measurements of high 
energy phosphates to the rupture of 
mitochondrial membranes suppos- 
edly induced by halothane. There are 
several other possible explanations 
for these observations which were not 
explored in the text. Beyond these 
basic arguments is an important ques~ 
tion regarding the susceptibility of the 
“resistant” animals used in this study. 
It is our experience that the halothane 
challenge technique used in this study 
does not confirm resistance to MH, 
but that some degrees of MH suscep- 
tibility can only be established by 
challenging pigs with halothane and 
succinylcholine.? In fact, the “resist- 
ant pigs" in the study of Mitchell et 
al had increased rectal temperatures 
following halothane anesthesia. This 
raises the possibility that these ani- 
mals were, in fact, not resistant to 
malignant hyperthermia but simply 
were not adequately challenged. For 
these reasons, the conclusion that hal- 
othane induces a biochemical defect 
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in normal muscle does not appear 
entirely valid. 


T. E. Nelson, PhD 

Department of Anesthesiology 

The University of Texas 
Medical Branch 

Galveston, Texas 77550 
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To the Editor: 


We understand from Dr. Nelson's 
letter that three aspects of our paper 
have been questioned. First, whether 
all mitochondria are affected ad- 
versely, second, whether our conclu- 
sion that halothane alters the integrity 
of mitochondrial membranes in both 
normal and susceptible pigs is the 
only possible conclusion, and third, 
whether our normal pigs were truly 
MH resistant. 

To answer the first point, there is 
no dispute that halothane inhibits the 
function of mitochondria isolated 
from many tissues.’ Further, the ac- 
tion of halothane in pigs is not con- 
fined to skeletal muscle tissue. For 


example liver metabolism is affected 


by halothane.* 

We agree, however, that there are 
several possible explanations for the 
results presented in our paper. We 
consider that the most probable one 
is that outlined in the paper, although 
our reasons for eliminating other ex- 
planations might have been included 
in it. The criteria we used were that 
the lesion or lesions that result in the 
development of MH must also allow 
the development of the syndrome 
after exercise? and after exposure to 
other volatile anesthetics, and also 
account for the production of lactate 
during aerobic metabolism." 

An attractive explanation for our 
data is that the activity of adenylate 
kinase which catalyses ATP + AMP 
= 2ADP is inhibited by halothane in 
susceptible pigs. If this were so then 
the ratio of ATP:ADP could not be 
regulated and glycolysis would en- 
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sue. However, this argument relies 
on a highly specific interaction be- 
tween halothane and adenylate ki- 


nase, and since halothane is not 


unique in causing MH this theory 
does not account for the onset of MH 
after other volatile anesthetics, succi- 
nylcholine, or exercise. Moreover, no 
differences in the concentrations of 
adenylate kinase between susceptible 
and resistant pigs have as yet been 
reported. In addition, this argument 
does not explain the diversion of glu- 
cose metabolism to lactate; it only 
explains stimulation of glycolysis. 
Thus the theory is deficient in several 
ways. 

A second explanation that would 
account for the decrease in phospho- 
creatine (PC) observed is that NADH 
oxidation is being inhibited (uncou- 
pling of oxidative phosphorylation is 
unlikely) and so PC is being rapidly 
used to replenish ATP. The incon- 
sistency in this theory is that while 
PC is decreasing oxygen consumption 
is increasing and lactate is accumulat- 
ing.? Further, there is no lack of oxy- 
gen. Oxygen consumption can still 
increase, for example, by 10- to 20- 
fold during halothane anaesthesia 
(5096 inhibition of mitochondrial state 
3 respiration’) yet during MH only 
increases 2- to 3-fold? This implies 
that there is still adequate capacity to 
oxidize any NADH in the mitochon- 
dria. Therefore, direct inhibition of 
NADH oxidation does not explain the 
build-up of lactate or the decrease in 
PC, and some other reason for these 
changes must be sought. 

Thus by elimination we are left 
with the conclusion that halothane is 
further altering the already defective 
structure of mitochondrial mem- 
branes themselves, in susceptible 
pigs. À nonspecific change of this sort 
would account for the induction of 
MH by many anesthetics, for the di- 
version of glucose to lactate, for the 
development of the syndrome in the 
absence of drugs, and finds a clearer 
secondary role for the effects of cat- 
echolamines,? thyroid hormones,’ 
and low cortisol levels. Mitochon- 
drial membranes may be damaged by 
even low levels of halothane seems 
beyond dispute.” Thus our criteria 
are satisfied. We should have made 
the point, however, that mitochon- 
drial membrane damage will inhibit 
the glycerol-3-phosphate shuttle and 
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so also result in the production of 
lactate.” Indeed we think that a com- 
bination of both inhibition of pyru- 
vate dehydrogenation and NADH 
transport will explain our data rather 
well. 

With regard to the final question 
of the identification of pigs we agree 
that our resistant animals may have 
been poorly identified susceptible 
ones. This is unlikely. We have had 
much experience with use of 10% hal- 
othane as an indicator of MH suscep- 
tibility and thus far have every reason 
to believe that pigs that survive 10% 
halothane are resistant to MH. Indeed 
1% halothane alone has been used to 
produce MH in pigs." On the other 
hand Dr. Nelson referred to a paper"? 
that is indecisive. The pigs used in 
Dr. Nelson's study had been premed- 
icated with barbiturate which sup- 
presses the development of MH"; the 
degree of muscle activity, which can 
affect the onset of MH, and which 
in all our pigs was constant (from 
rectal temperature), was not clear. 
Thus, far from being definitive Nel- 
son's procedure may itself have intro- 
duced spurious subdivisions into the 
classification of susceptibility to the 
syndrome. 

We therefore believe that our ex- 
planation’? for -he effects of halo- 
thane and the onset of the syndrome 
was the most probable one, although 
obviously not necessarily definitive. 


G. Mitchell, PhD 
Department of Physiology 
University of Bristol 
Bristol, England 


JJA. Heffron, PhD 
University College London 
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this local anesthetic drug manufac- 
tured commercially with an acidic pH 
(2.90 to 3.02, see Table). 

Commercially manufactured solu- 
tions of local anesthetic drugs pre- 
mixed with epinephrine are adjusted 
to an acid pH in order to maintain the 
stability of epinephrine and its an- 
tioxidant, sodium metabisulfite.* Un- 
fortunately, acidification of a local an- 
esthetic solution makes it painful on 
injection and increases the percentage 
of the local anesthetic drug existing in 
the charged, cationic form. This has 
the theoretical disadvantage of de- 
creasing local anesthetic drug pene- 
trance through the lipoprotein mem- 
brane and  sheaths surrounding 
nerves, resulting in a delayed or im- 
paired onset of action when injected 
for peripheral nerve block.? Thus, se- 
lection of a local anesthetic drug in 
the least acidic solution offers the the- 
oretical advantages of increased pen- 
etrance (more drug in the uncharged, 
free-base form) and reduced risk, if 
inadvertently injected in the sub- 
arachnoid space when attempting ep- 
idural analgesia. 

Commercially manufactured solu- 
tions of local anesthetic drugs con- 
taining epinephrine have pH values 
very similar to that of 2-chloropro- 


TABLE 
pH of Local Anesthetic Drugs 


caine (see Table). If the acidic pH of 
the injected local anesthetic solution. 
is indeed responsible for the neuro- 
logic sequelae reported following in- 
advertent subarachnoid administra- 
tion of 2-chloroprocaine, then anes- 
thetists may be exposing patients to 
similar risks when attempting epi- 
dural analgesia using other commer- 
cially manufactured local anesthetic 
drug solutions containing epineph- 
rine. In this laboratory we have meas- 
ured the pH of many local anesthetic 
drugs commercially manufactured 
without epinephrine (plain) or with 
epinephrine (also containing sodium 
metabisulfite). In addition, we have 
determined the pH of commercially 
manufactured plain local anesthetic 
drugs to which small quantities of 1: 
1,000 epinephrine (pH 3.0, Abbott 
Laboratories, North Chicago, IL) have 
been freshly added in order to create 
a local anesthetic drug solution with 
1:100,000 or 1:200,000 epinephrine 
concentration. As seen in the Table, 
epinephrine added freshly to plain 
local anesthetic drug solutions results 
in a negligible change in the pH of 
these solutions. In contradistinction, 
the pH of commercially manufac- 
tured local anesthetic drug solutions 
containing similar concentrations of 





Fresh Commercial 
Local anesthetic Plain ee oe CERE 

ERNEUT DUE Ee 1:200,000 1:100,000 1:200,000  1:100,000 

H of Local Lidocaine 
p . x 0.5% 6.28 6.30 6.27 
Anesthetic Solutions 1.0% 6.25 625 6.25 4.8° 3.70 
To the Editor: 2.0% 6.18 6.16 6.15 4.2* 3.82 

In the June 1980 issue of Anesthe- dus 5.25 5.25 5.24 3-4.5}  3-4.5+ 
sia and Analgesia, two case reports"? oa BAe un Pa : 4.55 451 
and an associated editorial by Covino Des i l l e» o 
et al? present and discuss a rare, but B 2.096 , 9.58 9.49 30 3-4.5] 3-4.5T 
potentially serious, complication fol- occum 5.63 EE 5.63 
lowing the use of an acidic local an- eed i " 
esthetic drug solution for regional an- ens p 2 aos 3.78} 
esthesia. The authors propose that the M l l 
observed complications of adhesive 2-Chloroprocaine 
arachnoiditis and/or anterior spinal 2% 3.02 
artery syndrome following the inad- 2%CE 2.90 
vertent injection of large volumes of 2%CE 2.92 


2-chloroprocaine in the subarachnoid 


space (while attempting epidural an- 
algesia) may have resulted from a CSF 
pH change produced by injection of 


* Value taken from deJong and Cullen.* 
+ Value taken from Lófstróm.? 
+ Value taken from Covino and Vassello.? 
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epinephrine is far more acidic, differ- 


ing little from that of 2-chloropro- 


caine. 

Therefore, whenever peripheral 
nerve block or epidural analgesia is to 
be performed with a local anesthetic 
drug solution containing epinephrine, 
we suggest that it is desirable to select 
a solution with minimal acidosis. 
Thus, utilizing a local anesthetic drug 
solution commercially manufactured 
without epinephrine (plain), to which 
the anesthetist adds the appropriate 
concentration of epinephrine imme- 
diately prior to performing the block, 
is preferable to selecting a commer- 
cially manufactured local anesthetic 
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drug solution which is premixed with 
epinephrine. 


Charles H. McLeskey, MD 
Department of Anesthesia 
Wake Forest University 
Bowman Gray School 

of Medicine 
Winston-Salem, NC 27103 
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Airway Closure during Anaesthesia 


Airway closure, functional residual capacity (FRC), and the transpulmonary pressure-volume 
relationship of each lung were studied in seven anesthetized subjects in the supine and the left lateral 
positions. Anesthesia was induced with thiopental and maintained with thiopental, diazepam, and 
fentanyl, with paralysis maintained by pancuronium during ventilation with room air. In the supine 
position FRC was approximately the same in both lungs as was closing capacity (CC). CC exceeded 
FRC in both lungs. In the left lateral position FRC was increased by 0.9 L in the upper iung and was 
reduced by 0.2 L in the lower lung, while CC was unaltered. Consequently, FRC exceeded CC in the 
upper lung and was further lowered beneath CC in the lower lung. Airway closure did not occur in 
the upper lung until an average of 0.5 L of gas had been expelled after the lower lung had ceased to 
empty. The addition of positive end-expiratory pressure (PEEP) in the 0.5 to 2 kPa range increased 
FRC More in the upper than the lower lung. The findings suggest that airway closure is evenly 
distributed between the two lungs in the supine position and that it has a discontinuous distribution 
between the dependent and nondependent lung in the lateral position. Moreover, in the lateral 
position the preferential increase in lung volume to the upper lung caused by PEEP has a distribution 
that is not ideal for the purpose of countering airway closure. (Bindsley L, Hedenstierna G, Santesson 
J, et al: Airway closure during anaesthesia and its prevention by positive end-expiratory pressure. 
Acta Anaesth Scand 24:199-205, 1980) l 
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Anesthesia and the Pa- 
tient with Heart Disease, 
edited by B. R. Brown, Jr., 
Philadelphia, F. A. Davis 
Co., 1980, 193 pp, 
$20.00. 


This multiauthored text attempts 
to summarize currently available in- 
formation for the clinical manage- 
ment of patients who have heart dis- 
ease and who require anesthesia and 
surgery. It is an ambitious undertak- 
ing. In many important areas this 
book is excellent, but like “the little 
girl with the little curl right in the 
middle of her forehead,” when it is 
good it is very, very good but when 
it is bad it is—disappointing. For ex- 
ample, there is a great deal written 
about patients with coronary artery 
disease but nothing about acquired 
valvular heart disease. 

Three chapters discuss the risk of 
anesthesia for patients with ischemic 
heart disease: this leads to some over- 
lap and confusion. Knapp’s chapter 
on postoperative prognosis is clear 
and concise but would benefit from 
a table summarizing the three large 
studies of postoperative risk—those 
by Knapp, Tarhan, and Goldman, 
Tinker, writing on anesthesia for pa- 
tients with ischemic heart disease, has 
a conversational, occasionally awk- 
ward style but the content is excellent. 
He presents an interesting history of 
operations for coronary artery disease 
with judicious skepticism about the 
rush to bypass. There is plenty of 
good advice for the busy practitioner 
here. Brown (editor) uses a question 
and answer format to discuss com- 
mon clinical problems in the anes- 
thetic management of patients with 
essential hypertension. This chapter 


894 


Vol 59, No 11, November 1980 


ANESTHESIA AND ANALGESIA 





DOOK 


REVIEWS 


should be required reading for all 
who practice anesthesia. The chapters 
by Ewy on conduction defects and 
Atlee on perioperative arrhythmias 
are quite simply the best I have read 
on the subjects. The rhythm strips in 
the latter chapter are too small to be 
seen clearly even with the added an- 
notations. Merin’s chapter concerning 
the effects of anesthetics on the heart 
is based on his recognized expertise 
in the subject. I found the style overly 
academic. No less than eight times, 
man is referred to or equated with an 
“intact animal.” There is only a pass- 
ing reference to fentanyl and nothing 
about the use of ketamine in children. 

The chapter on postoperative care 
is a good summary but glosses over 


the crucíal problem of patients with 


concomittant renal dysfunction. Peri- 
operative renal failure is at least as 
lethal as perioperative myocardial in- 
farction. Gaines and Giesecke had the 
difficult taks of discussing intraoper- 
ative hypotension. Their approach is 
encyclopedic. The therapeutic rec- 
ommendations are general and con- 
strained by the scope of the book. 
The chapter on anesthesia and con- 
genital heart defects should have been 
written by an anesthesiologist. Advice 
to avoid "doses of drugs" that are 
depressant or promote disadvanta- 
geous shunting smacks of the all too 
familiar advice to "avoid hypotension 
and hypoxia." Children with symp- 
tomatic congenital heart disease 
should only be cared for in a properly 
equipped center that includes a pe- 
diatric cardiac anesthesiologist. The 
chapter on monitoring the cardiovas- 
cular system cannot be recom- 
mended; even given the constraints of 
space, it is incomplete and inaccurate. 
Virtually nothing is included regard- 
ing the complications of invasive vas- 
cular monitoring— prevention and 
treatment. Nonetheless, the good 


parts of this book outweigh the bad 
and make it worth reading. 


Peter Walker, MD 
Assistant Professor 
of Anesthesiology 
New York University Medical Center 
New York, NY 


Emotional and Psycho- 
logical Responses to An- 
esthesia & Surgery, edited 
by F. Guerra and J. A. Al- 
drete, New York, Grune & 
Stratton, 1980, 264 pp, 
$23.50. 


This is a collection of articles on 
distantly related subjects. All of the 
authors except David Steward of To- 
ronto are from Colorado. Doctor Se- 
ward's article on children is to the 
point, well documented, and reada- 
ble. He unintentionally describes a 
fault in many of the other papers: 
“There is an abundance of advice, but 
unfortunately, little of this is based 
on solid investigative work." 

High points include an excellent 
review of the literature on awareness 
during general anesthesia and a the- 
oretical discussion of perioperative 
psychology by a psychiatrist. The lat- 
ter deals with the anesthesiologist-pa- 
tient relationship in pure Freudian 
terms, which are at once academic 
and correct. Regression and transferr- 
ence are described; anxiety and de- 
fense mechanisms are defined; the 
relationship between the ego and the 
unconscious is explored. The reader 
begins to understand how his re- 
sponse to the patient's preoperative 
anxiety may either reinforce the pa- 
tient's defense mechanisms, which is 


mA 
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often maladaptive, or provide therapy 
of a more ego-supporting nature, thus 
lessening the degree of anxiety. Anes- 
thesiologists, accustomed to produc- 
ing desired effects by the use of 
“agents,” probably are unfamiliar 
with the use of their own personalities 
as therapeutic instruments. Low 
points include several retrospective 
articles concerning the effects of the 
surgical experience ascertained by 
questionnaires, which are at best te- 
dious. 

Taken as a whole, this book begins 
to explore a subject too often ne- 
glected by anesthesiologists. There is 
considerable information and some 
entertainment. One of the editors 
desribes his own article as “specula- 
tions based on observations made... 
over a number of years.” This is an 
accurate appraisal of most of the vol- 
ume. Expert opinion in Colorado is 
probably valid in Boston, unless one 
is from Boston, of course! 


Thomas M. Wiggins, MD 
Visiting Instructor 
of Anesthesia 
University of California, 
Los Angeles 
Los Angeles, CA 


The Pharmacology of 
Respiratory Care, by B. E. 
Lehnert and E. N. Schach- 
ter, St. Louis, The C.V. 
Mosby Co., 1980, 336 pp, 
$13.95. 


This reasonably priced paperback 
book originated as a course syllabus 
for respiratory therapy students. The 
authors suggest their book as an in- 
structional resource for all members 
of the respiratory care team, but it is 
clearly directed to nonphysicians. 

The semester unfolds as we read. 
First we find introductory chapters on 
basic science, then the major section 
on pharmacology, and then a con- 
cluding segment provides clinical cor- 
relation and review material. Most 
drugs delivered by respiratory thera- 
pists receive attention, but other 
agents commonly employed in pa- 
tients requiring respiratory therapy 
(digitalis, respiratory stimulants, etc) 
are barely mentioned. The immunol- 
ogy and basic pharmacology chapters 
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are particularly appropriate for un- 
dergraduates. Anatomic drawings 
leave something to be desired, but the 
tables provided add substantially to 
the clarity of presentation. 

This volume demonstrates some of 
the unevenness and occasional repe- 
tition of a multiauthored text, sug- 
gesting that several lecturers may 
have participated in the course. The 
book is wordy and not always clear. 
Depth and detail of coverage seem at 
times more capricious than system- 
atic. Nowhere is uneven presentation 
more evident than in the selected bib- 
liographies at the end of each chapter. 
References number from 1 to 98, and 
we find no annotations or other 
guidelines for selection of readings by 
either topic or importance. Twenty- 
seven percent of the references were 
published more than 10 years ago, 
and in four of the 15 chapters this 
proportion rises to 5096 or greater. 
Several monographs of great potential 
value are omitted. 

Despite its shortcomings this vol- 
ume is perhaps the best available 
compilation of basic and applied in- 
formation on pharmacology for res- 
piratory therapists. In a second edi- 
tion the student might benefit from a 
shorter, more concise text; brief, 
clearly annotated reading lists; and a 
glossary. Meantime, we can expect 
the book to prove popular with un- 
dergraduate students in the health sci- 
ences. 

Betty L. Grundy, MD 

Assistant Professor of 
Anesthesiology and Neurosurgery 

University of Pittsburgh 

Pittsburgh, PA 


Systolic Time Intervals, 
edited by W. F. List, J. S. 
Gravenstein,, and D. H. 
Spodick, Secaucus, NJ, 
Springer-Verlag, 1980, 
303 pp, $31.90. 


This book contains 37 papers pre- 
sented at an international symposium 
in 1978. The speakers were predom- 
inantly cardiologists and basic scien- 
tists rather than anesthesiologists. 

Measurement of the systolic time 
interval (STI) has been investigated 
for nearly 20 years. I read this collec- 
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tive report in search of answers to the 
question, "Has the method proved to 
be useful in cardiac diagnosis, and if 
not, why not?" 

First, what is a systolic time inter- 
val? The papers evidently were pre- 
sented by experts, for experts; it was 
difficult to find a clear definition for 
the uninitiated, but Luisada, called it 
the "isovolumic contraction time, as 
well as the left ventricular ejection 
time." The most accurate measure- 
ment is, "the interval from the first 
high-frequency vibration of the first 
heart sound to the first high-fre- 
quency vibration of the aortic com- 
ponent of the second sound," plus 20 
msec; that is, the preejection period, 
left ventricular ejection time, and total 
electromechanical systole. One needs 
an ECG, a phonocardiograph, and a 
pulse recording at the suprasternal 
notch. Precisely! 

Most presentations relate to accu- 
racy and physiclogic significance of 
the method. The consensus appeared 
to be that STI can be measured ac- 
curately, but much more study is 
needed to delineate its clinical useful- 
ness, even in diagnostic cardiology. 
N. T. Smith succinctly pointed out 
that the STI is a measurement at one 
point in time, whereas ventricular 
function changes constantly, even 
from beat to beat. 

In essence. while this text reviews 
worthwhile information on the state 
of one particular noninvasive science, 
it is not required reading for most 
practitioners and residents. Measur- 
ing STI does not seem likely to re- 
place invasive monitoring in cardiac 
surgical patients for some time yet. 


Emerson Moffitt, MD 

Head, Department of Anaesthesia 
Victoria General Hospital 
Halifax, Nova Scotia, Canada 


The Circulation in Anaes- 
thesia: Applied Physiol- 
ogy and Pharmacology, 
edited by C. Prys-Roberts, 
St. Louis, Blackwell Sci- 
entific Publications, 1980, 
642 pp, $87.85. 


This book contains the work of 19 
authors, 15 anesthesiologists, and 
four basic scientists (a physicist, a 
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biochemist, a physiologist, and a car- 
diologist}. Nine of the authors are 
from the United Kingdom, eight are 
from the United States, one is from 
Australia, and one is from Canada. 
As might be anticipated, the authors 
use drug names utilized in the country 
in which they practice or do research, 
a minor inconvenience to the reader. 

The editor has selected the contrib- 
utors carefully, and each is a recog- 
nized expert in the subject of his dis- 
cussion. C. Prys-Roberts has written 
several chapters: "Electrophysiol- 
ogy—The Origin of the Heart Beat; 
Ventricular Performance; Regulation 
of the Circulation; Adrenergic Mech- 
anisms; Agonists and Antagonists; 
Drugs and Measurement of Cardiac 
Output and Regional Blood Flow;” 
each chapter is truly an outstanding 
contribution to our fund of knowl- 
edge. 

The editor states in the preface, 
“For the first eighty years of clinical 
anaesthesia only the healthiest and 
fittest of patients were considered to 
be acceptable risks. ..now, the anaes- 
thesiologist is expected to provide 
safe anaesthesia for any patient, un- 
der almost any condition, elective or 
emergency. To achieve this, anaesthe- 
siologists rely on technical skills 
backed by a thorough knowledge of 
the basic sciences relevant to anaes- 
thesia: biochemistry, physiology, 
pharmacology, physics. This book is 
an attempt to bring together those 
aspects of these basic sciences as they 
apply to the cardiovascular system 
and its regulation; and the effects of 
anaesthetics on the components of the 
system. ..." It is this reviewer's opin- 
ior that the editor and his panel of 
experts have succeeded admirably. 

The book is divided into three sec- 
tions: (1) physiology, (2) pharmacol- 
ogy, and (3) cardiovascular measure- 
ments in anesthesia. As anticipated, 
there are peaks and valleys when 
comparing some authors' contribu- 
tions to others. The reaks, however, 
are of the magnitude of Mt. Everest 
and the valleys are never below sea 
level. 

The monograph is expensive 
($87.85), and it is not for leisure or 
bedtime reading. The reader, whether 
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a medical student, a house officer, an 
individual preparing for certification 
examination, or an anesthesiologist 
desirous of learning current concepts 
of the action and interaction of the 
heart and cardiovascular system with 
anesthetic drugs, must be mentally 
alert and thoroughly familiar with 
basic science. As an example, respi- 
ration is not defined as the gaseous 
exchange between an organism and 
its environment; rather, “respiration 
is the process whereby pairs of elec- 
trons from NADH (reduced nicotin- 
amide adenine dinucleotide} and 
FADH: (reduced flavine adenine 
dinucleotide) are transported down 
the flavoprotein-cytochrome electron 
transport chain finally to combine 
with oxygen to form water, providing 
the energy for oxidation phosphory- 
lation.” 

I recommend the book to all who 
have an active interest in the disci- 
pline of anesthesiology, despite the 
cost, lack of standardized drug names, 
and need for the application of total 
concentration by the reader. 


Kenneth K. Keown, MD. 
Professor 

Department of Anesthesiology 
University of Missouri-Columbia 
Columbia, MO 
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Pulmonary Restriction 
and Obstruction: A Pro- 
grammed Text, by P. R. 
Hercules, F. J. Lekwart, 
and M. V. Fenton, Chi- 
cago, Year Book Medical 
Publishers, 1979, 360 pp, 
$19.95. 


This hardback volume is intended 
to be a detailed introduction to the 
concept of restrictive and obstructive 
lung disease for nurses, respiratory 
therapists, and other health care 
professionals. The programmed 


learning format is used throughout 
the book (except for the last chapter 
on emotional support), but the stu- 
dent is given no instruction on how 
to extract the greatest benefit from 
this learning technique. The presen- 
tations are clinically oriented with a 
minimum of basic science; the sub- 
jects covered range from anatomy to 
zeitgeist. 


Clinical Application of 
Respiratory Care, Second 
Edition, by B. A. Shapiro, 
R. A. Harrison, and C. A. 
Trout, Chicago, Year Book 
Medical Publishers, 1979, 
578 pp, $19.50. 


This is a four-year update of the 
popular text for respiratory therapists 
and physicians in training. Most of 
the improvements in technology and 
new concepts of patient management 
are included, and terminology has 
been updated. Very little is included 
on hydrogen ion concentration and 
fluid balance management. Illustra- 
tions are relatively sparse, but they 
are of good quality and effective. 
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Essential Noninvasive Monitoring in An- 
esthesia, edited by J. S. Gravenstein, R. 5. 
Newbower, A. L. Ream, et al, New York, 
Grune & Stratton, 1980, 336 pp, $19.50. 


Medical Problems and the Anaesthetist: 
Current Topics in Anaesthesia, Volume 
4, by L. Kaufman and E. Sumner, Chicago, ' 
Year Book Medical Publishers, 1979, 156 
pp, $32.95. 


International Anesthesiology Clinics: In- 
termittent Mandatory Ventilation, Vol- 
ume 18, Summer, 1980, edited by R. R. 
Kirby and G. B. Graybar. Boston, Little, 
Brown & Co., 1980, 196 pp, $40.00/yr. 
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Title Page. The title page should conczain [1] the title of the 
article, which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters and 
spaces) placed at the foot of the title page and identified; [3] first 
name, middle initial, and last name o: each author, with highest 
academic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence about 
the manuscript; [7] name and address of author to whom requests 
for reprints should be addressed, or staterr.ent that reprints will not 
be available from the author; [8] the source(s) of support in the 
form of grants, equipment, drugs, or a.l of these. 

Abstract and Key Words. The second page should carry an 
abstract of not more than 150 words. The abstract should state the 
purposes of the study or investigaticn, basic procedures (study 
subjects or experimental animals and observational and analytic 
methods), main findings (give specific data and their statistical 
significance, if possible), and the principa. conclusions. Emphasize 
new and important aspects of the study or observations. Define all 
abbreviations except those approved by the International System 
of Units. 

Key (indexing) terms. Below the abs:ract, provide and identify as 
such, three to 10 key words or short phrases that will assist indexers 
in cross-indexing your article and that may be published with the 
abstract. 

Text. The text of observational and experimental articles is 
usually—but not necessarily— divided into sections with the head- 
ings Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within sorne sections to clarify their content, 
especially the Results and Discussior. sections. Case reports and 
reviews do not require the above sections. 

Introduction. Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly perti- 
nent references, and do not review the subject extensively. 

Methods. Describe your selection of the observational or exper- 
imental subjects (patients or experimental animals, including con- 
trols) clearly. Identify the methods, apparatus (manufacturer's 
name and address in parentheses), and procedures in sufficient 
detail to allow other workers to reprcduce the results. Give refer- 
ences to established methods, including statistical methods; provide 
references and brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. 

When reporting experiments on human subjects, indicate 
whether the procedures followed were in accord with the ethical 
standards of the Committee on Human Experimentation of the 
institution in which the experiments were done or in accord with 
the Helsinki Declaration of 1975. When reporting experiments on 
animal subjects, indicate whether the institution's or the National 
Research Council's guide for the care and use of laboratory animals 
was followed. Identify precisely all drugs and chemicals used, 
including generic name(s), dosage(s), and route(s) of administration. 
Do not use patients' names, initials, cr hospital numbers. 


IAN 


Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematica! derivations, and the like may sometimes be suitably 
presented in the form of one or more appendixes. 

Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

Discussion. Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the study but avoid unqualified statements and conclu- 
sions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 
Recommendations, when appropriate, may be included. 

References. (The following style will appear in the journal 
effective volume 60, January 1981.) Number references consecu- 
tively in the order in which they are first mentioned in the text. 
Identify references in text. tables, and legends by arabic numerals 
(in parentheses). References cited only in tables or in legends to 
figures should be numbered in accordance with a sequence estab- 
lished by the first identification in the text of the particular table or 
illustration. 

Use the form of references adopted by the U.S. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals saould be abbreviated according to the 
style used in Index Medicus. Consult the “List of Journals Indexed,” 
printed annually in the January issue of Index Medicus. 

Avoid abstracts as references; "unpublished observations” and 
"personal communications" may not be used as references, al- 
though references to written, not verbal, communications may be 
inserted (in parentheses) in the text. Include among the references 
manuscripts accepted but not yet published; designate the journal 
followed by "in press" (in parentheses). Information from manu- 
scripts submitted but not vet accepted should be cited in the text 
as "unpublished observations" (in parentheses). 

References must be verified by the author(s) against the original 
documents. 

Examples of correct forms: 


Journal 


1. Standard Journal Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 


Soter NA, Wasserman SL Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophi! chemotactic factor of anaphy- 
laxis during cold challenge. N Engl ] Med 1976;294:687-90. 

2. Corporate Author 


The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determination of gamma-glutamyltransferase in blood. Scand J Clin Lab 
Invest 1976;36:119--25. 


Anonymous. Epidemiology for primary health care. Int J Epidemiol 
1976;5:224-5. 
Books and Other Monographs 


3. Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 

4. Corporate Author 
American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 

5. Editor, Compiler, Chairman as Author 
Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. Sth ed. 
Baltimore: Williams & Wilkins, 1968. 

6. Chapter in Bcok 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 


ganisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 


National Center for Health Statistics. Acute conditions: incidence and 
associated disability, United States July 1968-June 1969. Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital and health statistics. 
Series 10: Data from the National Health Survey, no. 69) (DHEW 
publication no. (HS5M)72-1036). 


Tables. Type each table on a separate sheet; remember to double 
space. Do not submit tables as photographs. Number tables con- 
secutively and supply a brief title for each. Give each column a 
short or abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
symbols in this sequence: *, t, t, 8, l, f, #, **, tt... . Identify 
statistical measures of variation such as SD and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such table for consideration with the manuscript. 

Illustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenograms, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12.7 by 17.3 cm (5 by 7 in) but 
no larger than 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and 
symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

. Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, ex- 
cept for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, send 
two positive color prints to assist editors in making recommenda- 
tions. Some journals publish illustrations in color only if the author 
pays for the extra cost. 

Legends for Illustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 

Abbreviations. Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, length, time, temperature, electric current, and luminous 
intensity. Do not synthesize new or unusual abbreviations. When 
many abbreviations are used, include all in a box of definitions at 
the start of the article. 


RAON 


Department of Anesthesia 
University of Basel, 
switzerland 


1st International Postgraduate 
Course, ‘Anesthesia and the 
Patient with Heart Disease” 
March oth and /th, 1981 


An international faculty will discuss diagnostic, 
therapeutic, and anesthetic implications of: 
Ischemic heart disease 

Hypertension 

Congestive heart failure 


Participating Faculty: 

F Burkart, Basel, Switzerland 
W. Ashburn, San Diego, Calif. 
B. Brown, Tucson, Arizona 

E. Lowenstein, Boston, Mass. 
F Buhler, Basel, Switzerland 
M. Pfisterer, Basel, Switzerland 
B. Strauer, Munich, Germany 
M. Finster, New York, N.Y. 

M. Bu Laver, Basel, Switzerland 
H. Gerber, Basel, Switzerland 


For further inquiries write to: 

1st International Postgraduate Course 
Kantonsspital Basel, Deot. of Anesthesia, 
CH-4031 Basel, Switzerland 





CLEVELAND CLINIC 


Department of Cardio-Thoracic Anesthesia 


Positions available for ““Clinical Fellow" at the Cleveland 
Clinic Foundation, Department of Cardio-Thoracic An- 
esthesia in July, 1980, January, 1981 and July, 1981. 
The positions are for dedicated anesthesiologists who 
have finished residency and desire advanced training in 
all aspects of anesthesia and monitoring for cardiac and 
thoracic surgery and cardiac intensive care. The patient 
population is large in number and in the variety of 
pathology presented. Research facilities available for 
interested candidates. The appointments are for one year 
or more. Attractive starting salaries commensurate with 
previous training. Interviews will be arranged at our 
expense. We are an equal opportunity employer. 
Please send curriculum vitae and reference sources to: 


Department of 
Cardio-Thoracic Anesthesia 
Cleveland Clinic Foundation 
9500 Euclid Avenue 
Cleveland, Ohio 44106 


For further information, call (216)-444-2779 





19* ANNUAL 
CLINICAL CONFERENCE 
IN 


PEDIATRIC ANESTHESIOLOGY 


JANUARY 23-25, 1981 


To be held at the: 
Los Angeles Marriott Hotel 


For information write to: 


Wayne Herbert, M.D. 

Division of Anesthesiology 
Childrens Hospital of Los Angeles 
P.O. Box 54700 

Los Angeles, CA 90054 


ern ar 


Immediate openings for board eligible or cer- 
tified Anesthesiologists to join this large met- 
ropolitan area hospital with approved resi- 
dency program. Duties include supervision of 
residents, nurse anesthetists, and personal ad- 
ministration of anesthesia. Competitive salary 
and excellent fringe benefits. 


Send curriculum Vitae to or call: 
Dr. G. K. S, Chowdary 
Acting chairman, 
Department of Anesthesiology 


y COOK COUNTY 
HOSPITAL 


1825 W. Harrison St., Chicago, Illinois 60612 


312-633-6167 
An Equal Opportunity Employer M/F/H 





WEST VIRGINIA UNIVERSITY 


One new faculty position available in twenty 
member, all physician Department. Very ac- 
tive teaching program for medical students 
and residents requires candidate to be dedi- 
cated in this area. Positions for residency pro- 
gram highly sought after, resulting in an out- 
standing group of housestaff drawn from a 
wide distribution of American medical col- 
leges. Extremely competitive salary and bene- 
fits, nonclinical time, and well equipped Anes- 
thesiology Research Laboratory. Medical Cen- 
ter located in university town in lovely area of 
mountains, lakes and parks. 


Contact Richard B. Knapp, M.D., Department 
of Anesthesiology, West Virginia University 
Medical Center, Morgantown, WV 26506. 
(304-293-5411). Deadline for applications is 
12/1/80. 

An Equal Opportunity Employer 


Ee. 


FULLY ACCREDITED 
ANAESTHESIA RESIDENCY 
PROGRAM 
PGY-1,2,3&4 


UNIVERSITY of MASSACHUSETTS 
MEDICAL CENTER 


Applications are now being accepted for 
Anaesthesia Residencies, (PGY-1, 2, 3 & 4) 
in the Department of a Univer- 
sity of Massachusetts Medical Center, 


Worcester, Massachusetts. For further in- . 
formation, please contact: 
Michael Stanton-Hicks, M.B.B.S. 
Program Director of Residency Program 
Professor and Chairman 
Department of Anaesthesia 
University of Massachusetts Medical Center 
Worcester, MA 01605 


An Affirmative Action / Equal Opportunity Employer 


University of 
Massachusetts 
Medical Center | 


McGILL UNIVERSITY 


1981 ANNUAL REVIEW 
COURSE IN 
ANAESTHESIA 


June 1-5, 1981 





An update of major clinical areas in anaesthesia directed’ 


towards residents, candidates preparing for examinations 
and specialist anesthesiologists. 


The distinguished guest faculty will include: 


Joel A. Kaplan 
R. L. Knill : 
William D. Owens 
M. Stanton-Hicks 
D. J. Steward 
‘Leo Strunin 


Jonathan L. Benumof 
Michael J. Cousins 
Edward Ernst 
George Estafanous 
Elizabeth A. M. Frost 
John P. Kampine 


` This course is co-sponsored by the University of Vermont 


College of Medicine and is approved for 25 credit hours 
of Category I of the Physicians Recognition Award of the 
American Medical Association. 


FEES: $300.00 (Canadian funds) or $255.00 (U.S. funds) 
$200.00 (Canadian funds) or $170.00 (U.S. funds) 
(residents with letter from Chief of PEINICE) 

For further details write to: 

The Secretary 
Post-Graduate Board 

Royal Victoria Hospital 

687 Pine Avenue West 
Montreal, Quebec H3A 1A1 


PAIN CLINIC FELLOWSH 
WEST VIRGINIA 


Pain Clinic Fellowship commencing July} 1, 1981 
available to applicant with three years post|graduate 
training in anesthesiology. Multi-disciplined Pain 
Clinic, seeing approximately 2,500 patients yearly, 
25% of whom are new patients. Clinic based on out- 
patient model with in-house beds available. Regular 
staff includes three anesthesiologists, a psychiatrist, 
and two clinical psychologists. Ancillary services 
include physical therapy, oral surgery and family 
practice. 
For further information coniact: 

Robert Bettinger, M.D. 

Director of Pain Clinic 

Department of Anesthesiology 

.West Virginia University Medical Center 

Morgantown, West Virginia 26506 
Deadline for applications is January 31, 1981. 

An equal opportunity/affirmative action Sapien 





CHAIRMAN 
DEPARTMENT OF ANESTHESIA 


THE UNIVERSITY 
OF NEBRASKA 


The University of Nebraska Medical Center is 
presently searching for a Chairman of the De- 
partment of Anesthesia. We are seeking an indi- 
vidual to build on the already RENER excel- 
lence of this active and productive department. 


Interested individuals are invited to send inquir- 
ies and/or curriculum vitae to: 


John F. Connolly, M.D. 
Search Committee Chairman 
c/o The Department of Orthopaedic Surgery 
University of Nebraska Medical Center 
42nd and Dewey Avenue 
Omaha, Nebraska 68105 


An equal opportunity/affirmat:ve action employer _ 





PEDIATRIC ANESTHESIOLOGY RESI- 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training, 
Also accepting applications from practic- 
ing anesthesiologists whc wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B. Lewis, Jr., MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 


The University of Alabama in Birming- 
ham (UAB) School of Medicine Depart- 
ment of Anesthesia has two positions in 
laboratorv research. Research opportuni- 
ties exist in active prograras of cardiovas- 
cular pharmacology and physiology. For 
foreign medical graduates, VOE/ECFMG 
is desirable but not necessary. The salary 
is commensurate with level of training and 
experience. Send letters of inquiry and 
curriculum vitae to: J. G. Reves, M.D., 
Department of Anesthesiology, UAB 
Medical Center, Birmingham, Alabama 
35294. UAB is an Affirmative Action/ 
Equal Opportunity emplover. 





ANESTHESIOLOGIST(S) 


Board certified, with 15 years of extensive 
clinical experience, looking for positions 
in Chicago or Chicago Metropolitan Area. 
Prefers fee for service. Available on 15-30 
days notice. CV on request. Reply to Box 
#£8-80-B, c/o IARS. 


ILLINOIS 


Anesthesiologist wanted to join private 
group of MD's and CRNA's in 390 bed 
community hospital with all specialties ex- 
cept open heart. Send curriculum vitae to: 
Bos 9-80-A % IARS. 


ANESTHESIOLOGIST 


Needed Now! Boards—Group Practice— 
Fee/Service Full time-—Phoenix, Arizona 
Area. Please send CV to Box 2-80-A, c/o 
IARS. 


classified! 
ADVERTISING 


a A nS 
CONGENIAL, RELIABLE BOARD ELI- 


GIBLE ANESTHESIOLOGIST WITH 
LONG 


experience and recent PGY 4 seeks lucra- 
tive, Fee For Service situation with mini- 
mal night work. Excellent References. For 
C.V. Reply to Box 10-80-B, c/o IARS. 


ANESTHESIOLOGIST — 


Board Certified or eligible to join large 
group of fee for service anesthesiologists. 
Single hospital, 900 beds, all types of an- 
esthesia except OB. Prefer recent graduate 
of American school. Send C.V. to Box 
1080-A, c/o IARS. 


OBSTETRIC ANESTHESIA: 


Approved one-year specialty training at 
high-risk obstetrical unit—3,000 deliveries 
per year. Ample opportunity for clinical 
experience, teaching, clinical and animal 
research using chronic maternal-fetal 
sheep preparation. Available Immediately. 
Contact: John B. Craft, Jr., M.D., Director, 
OB Anesthesia, George Washington Uni- 
versity Hospital, 901 23rd St. N.W., Wash- 
ington, D. C. 20052—(202) 676-3864. An 
Equal Opportunity, Affirmative Action 
Employer. 


ANESTHESIOLOGIST: 


Board certified anesthesiologist needed for 
Kern Medical Center, a teaching hospital 
affiliated with UCLA. Located in Bakers- 
field, California, in the San Joaquin Valley 
north if Los Angeles. Applicants must 
have or be eligible for California license. 
Incumbent eligible for faculty appoint- 
ment, UCLA Department of Anesthesiol- 
ogy. Salary and fringe benefits competi- 
tive. Direct inquiries and curriculum vitae 
to Charles R. Blackwell, M.D., Chairman, 
Department of Anesthesiology, Kern 
Medical Center, 1830 Flower Street, Bak- 
ersfield, CA 93305; or telephone collect 
(805) 323-7651, Ext. 368, 369. 


OHIO— 


Anesthesiologist wanted for 250-bed hos- 
pital to join with 4 Anesthesiologists. All 
kinds of anesthesia except cardiac. Limited 
O.B. Reply to Box 11-80-D, c/o I.A.R.5. 


ANESTHESIOLOGIST: 


Board Certified, Practice 4-5 years. Uni- 
versity trained for 3 years. Child Anesthe- 
sia Experience; Louisville, Kentucky. 
Wants to relocate. Reply to Box 11-80-A 
c/o IARS. 


ANESTHESIOLOGIST: 


Board Eligible, Practice 4-5 years. Univer- 
sity trained for 3 years. Child Anesthesia 
Experience; Louisville, Kentucky. Wants 
to relocate. Reply to Box 11-80-B c/o 
IARS. 


ANESTHESIOLOGIST: 


Certified, 38, female, American-born and 
trained. 7 years experience. Seeks private/ 
group practice in mountain west area with 
clean air, full or part time. Reply to Box 
11-80-C c/o IARS. 


ANESTHESIOLOGIST— 


Full time position available for a Board 
certified/eligible Anesthesiologist to direct 
the Department of Anesthesiology in a 
JCAH accredited, 68-bed, community hos- 
pital affiliated with a large Detroit teaching 
facility. Department consists of physician 
chief supervising two hospital-based 
CRNAs in a newly renovated operating 
suite. Caseload primarily consists of gen- 
eral surgery, gynecology, urology and or- 
thopedics. Obstetrics coverage negotiable. 
Beautiful St. Clair River area with out- 
standing recreational, educational and cul- 
tural opportunities available. Interested in- 
dividuals should directly contact: Mr. 
Mark Eustis, Administrator, River District 
Hospital, 4100 South River Road, St. Clair, 
Michigan 48079 (313) 329-7111. 


WASHINGTON UNIVERSITY SCHOOL 
OF MEDICINE— 


Opening for Staff Anesthesiologist in car- 
diothoracic anesthesia. Minimal qualifi- 
cations should include three years of train- 
ing and eligibility for the American 
Boards. Special training in cardiothoracic 
anesthesia not required. Time for reading, 
clinic research and teaching is provided. 
Excellent salary, fringe benefits and pen- 
sion plan. For further information call 
(314) 454-2858. Apply with curriculum vi- 
tae to: G. R. Weygandt, M.D., Director, 
Division of Cardiothoracic Anesthesia, 
Barnes Hospital, St. Louis, Missouri 63110. 


aan 


CHIEF, DEPARTMENT OF ANESTHE- 
SIOLOGY — 


Board Certified, A.B.A. Send C.V. to 
Search Committee, c/o Executive Direc- 
tor's Office, Newton-Wellesley Hospital, 
2014 Washington Street, Newton, Massa- 
chusetts 02162. An Equal Opportunity 
Employer. 


CHIEF OF ANESTHESIOLOGY — 


Board certified or eligible. Excellent op- 
portunity to direct Anesthesiology De- 
partment of 274-bed teaching hospital, af- 
filiated with the University of Rochester. 
Apply with Curriculum Vitae to: Executive 
Director, Highland Hospital, South Ave. 
at Bellevue Dr., Rochester, New York 
14620. 


ACADEMIC PEDIATRIC ANESTHE- 
SIOLOGISTS— 


Pediatric anesthesiologists, Children’s 
Hospital, University of Louisville School 
of Medicine. Positions for Board certified 
or Board eligible applicants with rank 
commensurate with qualifications. Duties 
include patient care, pediatric intensive 
care participation, resident and medical 
student teaching, and research opportuni- 
ties. Must be eligible for Kentucky licen- 
sure. Competitive salary and fringe bene- 
fits. Send inquiry curriculum vitae, and 
names and addresses of four references to 
Ronald E. Smith, M.D., Acting Chief of 
Pediatric Anesthesia, Department of 
Anesthesiology, University of Louisville 
School of Medicine, Louisviile, Kentucky 
40292. An equal a aaa affirmative 
action employer. 


PEDIATRIC ANESTHESIOLOGIST— 
To join private practice group in major 
medical center teaching hospital. Oppor- 
tunity to enjoy the best of both worlds in 
country's most desirable city. Prefer U. S. 
graduate, Board certified/eligible, with 
postgraduate pediatric anesthesia training. 
Reply to - Search Committee, Houston 
Anesthesiologists, 710 Medical Towers, 
Houston, Texas 77030. 


Ellassiitied 
ADVERTISING 


ANESTHESIOLOGIST, BOARD ELIGI- 
BLE, IMMEDIATE OPENING — 


Wanted to join 6 Board Certified Anesthe- 
siologists and 15 CRNAs in 485-bed gen- 
eral hospital with an operational rehabili- 
tation center and developing cancer center 
in beautiful Knoxville, Tennessee. Knox- 
ville is the home of the University of Ten- 
nessee; 15 miles from Oak Ridge; is sur- 
rounded by 5 large TVA lakes, 39 miles 
from Gatlinburg with 365 days of downhill 
skiing. Group is incorporated with full 
insurance and retirement benefits. Salary 
negotiable and competitive. Position avail- 
able November 15, 1980. Direct inquiries 
to: Carl, E. Gibson, M.D., Suite 606, Fort 
Sanders Professional Building, 501 20th 
Street, Knoxville, Tennessee 37916. 


ANESTHESIOLOGIST — 


Board certified or eligible, to join staff of 
Anesthesiologists and CRNAs in 200-bed 
hospital. Salary, fee for service or group; 
no cardiac, neuro or OB. Immediate open- 
ing. Contact John E. Merzig, M.D., AO. 


. Fox Hospital, 1 Norton Avenue, Oneonta, 


New York 13820. Equal Opportunity Em- 
ployer. 


ANESTHESIOLOGIST: 


Needed at all academic levels. Must be 
Board Certified/Eligible. Duties include 
patient care, resident and medical student 
teaching and research. Positions available 
at the University of Missouri Medical Cen- 
ter Hospital and The Harry S. Truman 
Memorial Veterans Hospital. Interested 
applicants send a Curriculum Vitae to: 
G.W.N. Eggers, Jr, M.D. Professor and 
Chairman, Department of Anesthesiology, 
University of Missouri - Columbia Health 
Sciences Center, Columbia, Missouri 
65212. 


ANESTHESIOLOGISTS: 


Two dynamic FMGs experienced in all 
kinds of anesthesia, looking for private 
practice situations. Willing to do O.B. 
Available on 30 days notice. Good refer- 
ences. Reply to Box 11-80-F, c/o LA.R.5. 


ANESTHESIOLOGIST: 


To join group of 3 M.D.s and 2 C.R.N.A.s 
in the private corporate practice of anes- 
thesia. 300-bed hospital with all modern 
facilities. No neuro, open heart or routine 
OB. 1 hour from Georgia and Florida 
beaches and recreational areas. CV in first 
letter, please. Reply to: J. R. Martinez, 
M.D., P. O. Box 1447, Waycross, Georgia 
31501. 


ANESTHESIOLOGISTS— 


Idaho's largest hospital is now accepting 
applications from Anesthesiologists for 
two positions. IFCH is located in recrea- 
tional Southeastern Idaho. Housed in two 
facilities, Riverview and Parkview. IFCH 
has over 275 acute care beds plus a 90-bed 
geriatrics unit. Please send resumé in con- 
fidence to Edgar D. Vaughn, Executive 
Director, Idaho Falls Consolidated Hospi- 
tals, Inc., P. O. Box 2077, Idaho Falls, Idaho 
83401. 


SB br coe DUUM VU M TP JN NEC FC EET 
WANTED: 


Anesthesiologist needed for South Central 
Minnesota. Private group of 2 MDAs and 
7 CRNAs. Regional Anesthetic and Res- 
piratory care skills necessary. College city 
of 50,000. 80 miles from Minneapolis. Sal- 
ary and benefits competitive. Write Box 
11-80-E, c/o LA.R.S. 


Rates for classified advertising: $3.00 
per line, minimum 5 lines; box number 
ads $3.50 per line. Classified display rates 
on request. Copy deadline 6 weeks prior 
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REGONOL 





pyridostigmine bromide 


Regonol rapidly restores full neuromuscular transmission. — 


bradycardia than neostigmine. 


Brief Summary (Please consult full package insert, enclosed in every 
package, before using Regonol). 


INDICATIONS—Regonol (pyridostigmine bromide) is useful as a reversal 
agent or antagonist to nondepolarizing muscle relaxants. 


CONTRAINDICATIONS—Known hypersensitivity to anticholinesterase 
agents, intestinal and urinary obstructions of mechanical type. 


WARNINGS—Use with particular caution in patients with bronchial asthma or 
cardiac dysrhythmias. Transient bradycardia may occur and be relieved by 
atropine sulfate. Atropine should also be used with caution in patients with 
cardiac dysrhythmias. Because of the possibility of hypersensitivity in an 
occasional patient, atropine and antishock medication should always be 
readily available. 


Usage in Pregnancy—The safety of pyridostigmine bromide during preg- 
nancy or lactation in humans has not been established. Therefore its use in 
women who are pregnant requires weighing the drug's potential benefits 
against its possible hazards to mother and child. 


ADVERSE REACTIONS-—Side effects are most commonly related to over- 
dosage and generally are of two varieties, muscarinic and nicotinic. Among 
the former group are nausea, vomiting, diarrhea, abdominal cramps, 
increased peristalsis, increased salivation, increased bronchial secretions. 
miosis and diaphoresis. Nicotinic side effects are comprised chiefly of muscle 
cramps, fasciculation and weakness. Muscarinic side effects can usually be 
counteracted by atropine. As with any compound containing the bromide 


It produces fewer oropharyngeal secretions and less 





radical, a skin rash may be seen in an occasional patient. Such reactions 
usually subside promptly upon discontinuance of the medication. Throm- 
bophlebitis has been reported subsequent to intravenous administration. 


DOSAGE AND ADMINISTRATION—Prior or simultaneous administration of 
atropine sulfate (0.6 to 1.2 mg; IV) is recommended to minimize the side 
effects (excessive secretions, bradycardia). Usually 10 or 20 mg of pyridos- 
tigmine bromide will be sufficient for antagonism of the effects of the 
nondepolarizing muscle relaxants. Although full recovery may occur within 
15 minutes in most patients, others may require a half hour or more. 
Satisfactory reversal can be evident by adequate voluntary respiration, 
respiratory measurements and use of a peripheral nerve stimulator device. It 
is recommended that the patient be well ventilated and a patent airway 
maintained until complete recovery of normal respiration is assured. Once 
satisfactory reversal has been attained, recurarization has not been reported. 

Failure of pyridostigmine bromide to provide prompt (within 30 minutes) 
reversal may occur, e.g. in the presence of extreme debilitation, carcinoma- 
tosis, or with concomitant use of certain broad spectrum antibiotics or 
anesthetic agents, notably ether. 


CAUTION—Federal law prohibits dispensing without a prescription. 


HOW SUPPLIED —Regonolis available in: 2 ml ampuls—5 mg/ml boxes of 10. 
NDC +0052-0460-10 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


Organon 


A PART OF Ak Zona INC 


2.Way is the one. 


The new American 2-Way features 
a non-wettable filter media which 
shows no significant increase in 
resistance — even under conditions 
of 100% relative humidity. 

And, with just 45cc dead space, it 
can be used at the patient side of the 
circuit for effective inspiratory and 
expiratory gas filtration. 


The one hydrophobic 
anesthesia filter smallenough 


Or, this lightweight, compact filter 
can be safely and conveniently used 
at the machine side of your anesthesia 
circuit. 

It provides 99%+ viral/bacterial 
efficiency. Independent studies (avail- 
able upon request) show that 2-Way is 
over 99% effective in filtering aerosols 
of bacteria and viruses. 

It gives dual filtration protection. A 
double-layered design gives a double 
margin of patient safety. And since 
we use a unique polymer filter media, 
there’s no danger of particle migra- 
tion into the lungs. 


Plus, each filter is 100% leak tested. 

The American 2- Way. It's the only 
one small enough to do twice the job 
of any other anesthesia filter. 

For more information, just contact 
your American Pharmaseal or 
American Hospital Supply Division 
representative. 


American Hospital Supply Division 


*: 1450 Waukegan Rd. 
McGaw Park, IL 60024 








for patient or machine. 
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Innovative features of the new Mon-a-therm® Model 6000 System: 


C] Temp sites: multiple — monitor Mon-a-therm “ disposable temperature sensors: 
3 sites simultaneously. | E skin W esophageal 2 


E Range: extended — for @ rectal W tympanic 
hyperthermia and hypothermia. | esophageal stethoscope with sensor 


LJ Display: digital —°C or °F; B foley catheter with sensor : 
backlighted LCD. E nasopharyngeal 


[_] Alarm: audio/visual — — o 
adjustable high-low limits. = » 


Calibration: confirmation — 
high-low calibration checks. LaBarge Inc. 


[] Indicat > yi Í Medical Products Division 
PRECA TER 520 S. Jefferson Avenue 


alarm; open circuit; low battery. St. Louis, Missouri 63103 


314 231-3400 in Missouri 
800 325-3363 Toll Free 
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Iniectable 


ValiumiM. 


Qlazeoam/ Roche 


PRESURGICALLY 


effective anxiolytic 
action plus proven 
skeletal muscle relaxation 


CO Deep administration into muscle one 
hour before surgery provides prompt 
therapeutic response 


C Reduction of anxiety and the somatic- 
muscular symptoms which frequently 
accompany anxiety generally results in a 
patient better prepared for anesthesia 


O Relief of skeletal muscle spasm in 
adjunctive use may be especially valuable 
in the presurgical trauma patient 





POSTSURGICALLY 


adjunctive benefits 
when pain is a 
complicating factor 


O Effective skeletal muscle relaxant — 
Used adjunctively, relieves the skeletal 
muscle spasm that may aggravate pain 
and interfere with recovery 


J Effective anxiolytic — 
Especially important since high levels of 
anxiety often intensify the experience of pain 


C] Narcotic analgesic dosage can and 

should be reduced — 

When used with narcotic analgesics, 

reduce narcotic dosage at least 1/3 and 
administer in small increments; in some cases, 
use of a narcotic may not be necessary 
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Awide range of benefits 
in one effective agent 


Please see summary of product information on following page. 





Improved 


Tel- E-Ject 


10 mg Disposable 
Syringe (5 mg/ml) 


the only prefilled disposable 
syringe with a 1-1/2” needle 
to help insure deep 

administration into muscle 








Please consult complete 
product information, a summary 
of which follows: 
Contraindications: Hypersensitivity, 
acute narrow angle glaucoma; may be 
used in patients with open angie glau- 
coma receiving appropriate therapy 
Warnings: 7o reduce the possibility of 
venous thrombosis, phlebitis, local irri- 
tration, swelling. and, rarely, vascular 
impairment when used I.V.: inject 
Slowly, taking at least one minute for 
each 5 mg (1 ml) given; do not use 
small veins, i.e., dorsum of hand or 
wrist; use extreme care to avoid intra- 
arterial administration or extravasation. 
Do not mix or dilute Valium (diazepam! 
Roche) with other solutions or drugs in 
syringe or infusion flask. If it is not 
feasible to administer Valium directly 
LV., it may be injected slowly through 
the infusion tubing as close as pos- 
sible to the vein insertion 

Administer with extreme care to elderly. 
very ill, those with limited pulmonary 
reserve because of possibility of apnea 
and/or cardiac arrest, concomitant use 
of barbiturates, alcohol or other CNS 
depressants increases depression with 
increased risk of apnea; have resusci- 
tative facilities available. When used 
with narcotic analgesic, eliminate or 
reduce narcotic dosage at least %, 
administer in small increments. Should 
not be administered to patients in 
shock, coma. acute alcoholic intoxica- 
tion with depression of vital signs. As 
with most CNS-acting drugs, caution 
against hazardous occupations requir- 
ing complete mental alertness (e.g., 
operating machinery, driving) 

Has precipitated tonic status epilep- 
ticus in patients treated for petit mal 
status or petit mal variant status 
Withdrawal symptoms similar to those 
with barbiturates and alcoho! have 
been observed with abrupt discon- 
tinuation after long use of excessive 
doses Infrequently, milder withdrawal 
symptoms have been reported follow- 
ing abrupt discontinuation of benzo- 
diazepines after long. continuous use 
at high therapeutic levels. After ex- 





Injectable 


Valium |. 


diazeoam/Roche (V 


10-ml vials 
2-ml ampuls 





Usage in Pregnancy: Use of 
minor tranquilizers during 
first trimester should almost 
always be avoided because 
of increased risk of congeni- 
tal malformations, as sug- 
gested in several studies. 
Consider possibility of preg- 
nancy when instituting 
therapy; advise patients to 
discuss therapy if they intend 
to or do become pregnant. 
Not recommended for OB use 
Efficacy/safety not established in neo- 


| 5mg/ml 





O tended therapy, gradually taper dosage 


nates (age 30 days or less), prolonged 
CNS depression observed. In children, 
give slowly (up to 0.25 mg/kg over 3 
minutes) to avoid apnea or prolonged 
somnolence; can be repeated after 15 
to 30 minutes. If no relief after third 
administration, appropriate adjunctive 
therapy is recommended 
Precautions: Although promptly con- 
trolled, seizures may return. re-admin- 
ister if necessary. not recommended 
for long-term maintenance therapy 

If combined with other psychotropics 
or anticonvulsants. carefully consider 
individual pharmacologic effects— par- 
ticularly with known compounds which 
may potentiate action of Valium 
(diazepam/Roche). i.e., phenothia- 
zines, narcotics, barbiturates. MAO in- 
hibitors. antidepressants. Protective 
measures indicated in highly anxious 
patients with accompanying depres- 
sion who may have suicidal tenden- 
cies. Observe usual precautions in 
impaired hepatic function; avoid 
accumulation in patients with compro- 
mised kidney function Laryngospasm 
increased cough reflex are possible 
during peroral endoscopic proce- 
dures: use topical anesthetic. have 
necessary countermeasures available 
Hypotension or muscular weakness 
possible. particularly when used with 
narcotics. barbiturates or alcohol. Use 
lower doses (2 to 5 mg) for elderly 
debilitated 

Adverse Reactions: Drowsiness. fa- 
tigue, ataxia. venous thrombosis. 


phlebitis at injection site, confusion. 


depression, dysarthria. headache. hy- 
poactivity, slurred speech. syncope 
tremor. vertigo, constipation, nausea 
incontinence, changes in libido. uri- 
nary retention, bradycardia. car- 
diovascular collapse. hypotension. 
blurred vision.diplopia, nystagmus. 
urticaria, skin rash. hiccups. changes 
in salivation, neutropenia, jaundice 
Paradoxical reactions such as acute 
hyperexcited states. anxiety. hallucina- 
tions. increased muscle spasticity, 
insomnia. rage. sleep disturbances. 
stimulation have been reported; should 
these occur. discontinue drug. Cough 
depressed respiration, dyspnea, hy- 
perventilation, laryngospasm/pain in 
throat and chest have been reported in 
peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice: 
periodic blood counts. liver function 
tests advisable during long-term 
therapy Minor EEG changes. usually 
low-voltage fast activity, of no known 
significance 

Management of Overdosage: Man- 
ifestations include somnolence, con- 
fusion, coma, diminished reflexes 
Monitor respiration. pulse. blood pres- 
sure; employ general supportive 
measures, |.V. fluids. adequate airway 
Hypotension may be combated by the 
use of levarterenol or metaramino! 
Dialysis is of limited value 

Supplied: Ampuls, 2 ml. boxes of 10. 
Vials, 10 ml, boxes of 1; Tel-E-Ject* 
(disposable syringes). 2 ml, boxes of 
10. Each ml contains 5 mg diazepam 
compounded with 4096 propylene 
glycol. 1096 ethyl alcohol, 5% sodium 
benzoate and benzoic acid as 
buffers, and 1.5% benzyl! alcoho! as 
preservative. 


Division of Hoffmann-La Roche Inc. 


ROCHE LABORATORIES 
Nutley, New Jersey 07110 


Why do you think of FOREGGER 
When you think of Laryngoscopes? 


Its probably because you know that Foregger properly shapes 
their blades with knowledge, craftmanship and concern for 
quality unequalled in the industry. 


Or possibly you know that Foregger offers the world’s 
largest variety of laryngoscope blades. 


Or maybe you remember that Foregger is the 
largest, as well as one of the oldest manufac- 
turers in the field. 


Whatever the reason, we're delighted 
that you think of Foregger... 


For more information, contact 
your local Foregger dealer 
or representative. 
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Puritan-Bennett Corporation 


FOREGGER Foregger Medical Division 


MEDICAL DIVISION 835 Wheeler Way 
Langhorne, PA 19047 
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Long before the ANSI Z-79.8 Standards 
were adopted, Ohio Medical Products 
was engineering a significant develop- 
ment in gas machines. One that would 
greatly advance anesthesia safety, 
technology and convenience. 


The result is the new Ohio Modulus”. It's 
designed from the ground up to meet the 
Z-79.8 Standards. Then it reaches be- 
yond to set new standards of its own. 


Opens a new generation of safety. 


The Ohio Modulus helps prevent de- 
livery of hypoxic oxygen/nitrous oxide 
mixtures through the exclusive Ohio 
Link-25."' On a 2-gas Modulus, for 


example, this unique mechanical inter- 
lock system lets you adjust oxygen and 
nitrous oxide levels independently, but 
automatically intercedes to prevent 
nominal oxygen flow below 25% or ni- 
trous oxide flow above 75% of the 
oxygen/nitrous oxide mixture. 


Anesthetic agent vaporizers are isolated 
on the Modulus. A positive vaporizer 
selector interlock valve allows you to 
select either vaporizer. Or a bypass gas 
circuit can be engaged when both va- 
porizers are turned off. What's more, the 
agent circuits are parallel, thus helping 
to prevent accidental mixing within the 
circuitry. 





our world alot safer. 


Key components of the Modulus are 
easily removable for service. Extensive 
use of pin-indexing and DISS connec- 
tions helps prevent accidental inter- 
change of similar components. Controls, 
indicators and work surfaces are located 
in optimal viewing and operational 
zones — key factors in your comfort as 
well as operational safety. 


Modularity enhances versatility and 
convenience. 


As its name implies, the Ohio Modulus is 
totally modular. Key components are 
removable, so you can order a machine 
with the configuration to conform to your 
technique. 
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You select the gases;.vaporizers and 
flow ranges to meet the needs of your 
patients. You can order a machine which 
will.accommodate two to four gases and 
two anesthetic agent vaporizers.—You 
can also have key monitoring and 
functional controls located where you 
want them, not where main frame design 
dictates. 


State of the art for years to come. 


With the ultra-adaptable Ohio Modulus, 
you are ready for the advances in anes- 
thesia technology which lie ahead. Its 
modular concept even extends to its 
support and accessory systems, so 
those too will see you far into the future. 


Consider moving into the future now with 
the Ohio Modulus. It can make your 
world a lot safer. 


hid Medical Products 


A Division of Airco, Inc. 


PO. Box 7550, 3030 Airco Drive. Madison, Wisconsin 53707 


(Cc) 1980 Airco, Inc 
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Only Physio-Control makes the VSM"1 





Vital signs much improved. 


Presenting the all-new VSM-1 vital signs 
monitor from Physio-Control—the first physio- 
logical monitor to be conceived, designed and 
built from your point of view. 

The VSM-1 provides continuous display of 
systolic, diastolic and mean blood pressures 
for two invasive lines. Pressure zeroing is auto- 
matic and pressure scales can be varied through- 
out three ranges to maximize the size of the 
pressure wave form display. And you can freeze 
or record ECG, pulse or either of the two pres- 
sures. Temperature, 12 lead ECG, and non- 
fade trace are also provided. 

For all its sophistication, the microprocessor- 
based VSM-1 is remarkably simple to operate. 
The instrument is a single compact unit, com- 
plete with recorder and a powerful integral 
battery for portable or emergency operation. 
Data presentation is clean, crisp and clear. 
Controls are color-coded by function and 
grouped logically for ease of operation. A single 
connector serves for interface with either a 
defibrillator or remote display. 

We should also like to emphasize that the 
VSM-1 has been designed and engineered to 
the highest possible standards of reliability. 
And, like all Physio-Control products, the VSM 
is backed by the largest, best trained and most 
dedicated service team in our industry. 

Questions? A demonstration? We d be 
delighted. 


PHYSIO-CONTROL — Manufacturers of the Lifepak" 
acute cardiac care systems. 11811 Willows Road, 
Redmond, Washington 98052 USA (206) 881-4000. 
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A complete system that has no limits for respiratory care and 
Pe S em. corresponds to the experienced clinician’s entire capabilities. 
The Servo Ventilator System provides instantaneous diagnostic 
possibilities through the CO, Analyzer and Lung Mechanics Calculator. 
The clinician can concentrate all his resources on immediate actions to 
save his patient, without restrictions or improvisations. 


Thanks to the electronics, new devices developed from research of 
today and tomorrow are easy to build in or connect to the Servo Ventilator. 


The Servo Ventilator System is limitless. 
For further information 
contact your local Servo Ventilator distributor or write directly to us 


: x SIEMENS-ELEMA 
Servo Ventilator os with IMV Siemens-Elema Ventilator Systems 


a 1765 Commerce Drive, Elk Grove Village, Ill. 60007, Tel. (312)981-4940 


For countries outside U.S.: Siemens-Elema AB, Ventilator Division, 
ma e $-17195 Solna, Sweden 
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The "World's tallest hotel" provides an exciting 
backdrop for the I.A.R.S. 55th Congress. 


PLAZA is a three-tier revolving 
restaurant which affords a panoramic 
view of historic Atlanta. 


The ivy-adorned atrium lobby 
features a half-acre lake ... over 
_ 100 trees... and a dramatic 

" display of tapestries and 
sculptures. 
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A first-class hotel for a first-class meeting! 


Peachtree Plaza Hotel Please see page (22) for 


program and meeting in- 


Atlanta, Georgia formation. 
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information on last page. 


Ativan lorazeparr) Inj ection 
satisfies important criteria for 
successful premedication 

As confirmed in 


multicenter studies involving 
2631 patients' 


Leaves the patient sedated, Blocks or diminishes recall 

yet cooperative for 6-8 hours after a single injection 

In contrast to older preanesthetic medication, the majority of The majority of patients premedicated with Ativan Injection 
patients premedicated with Ativan Injection, though have difficulty remembering perisurgical events. This lack 
clinically sedated, are able to respond to simple instructions, of recall is relative, rather than absolute, as determined under 
whether they give the appearance of being awake or asleep. ? conditions of careful patient questioning and testing, using 


"memory cards" designed to enhance recall. *° 


Allays preoperative apprehension x 
90 Percentage incidence of patients who could not 


Ativan Injection significantly reduces the level of recall memory cards, operating room or recovery 
preoperative anxiety. ^ It is especially useful in patients who aq, ae 

suffer anticipatory anxiety and those who would prefer not 
to remember their surgical experience. 


> 
e 


PERCENT FAILURE TO RECALL 
wo 
o 





oO 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
i 
I 
I 
| 
I 
| 
| 
I 
i 
I 
I 
i 
| 
| 


p |------------------------------------- O 


TIME: 1 2 4 $- 48. -32.05 
(MINUTES) L—— MEMORY CARD —— OPER. — a 
RM. M. 


Rated “highly acceptable" by most patients 


The effect produced by Ativan Injection is rated as “highly 

acceptable” by a majority of patients. When questioned after 

their operation, virtually all indicated they would wish to 
Copyright © 1980, Wyeth Laboratories. All rights reserved. receive Ativan Injection again for any future surgery. ' 


4 


Effective IM and IV Wyeth Laboratories 


“Lorazepam may also fill the pressing need for a A 4 TUNE TN 
benzodiazepine with prompt and reliable clinical action when TM 

P~- given by zntramuscular injection.”® And, in contrast to 

diazepam, the metabolism of Ativan is simple and does not 

involve long-acting metabolites. 


Vital signs—essentially normal 


In most patients, Ativan Injection has only minimal effects on 
blood pressure, pulse and respiratory rate. Hypertension 
(0.176) and hypotension (0.176) have been reported very rarely. 


Little if any IV irritation 


In contrast to the thrombophlebitis frequently seen with 
older premedication, Ativan Injection when properly diluted 
has only minimal irritative or injurious effects on the veins. ’ 
A painful response to IV injection was noted in 13 of 771 
patients (1.6%), of whom 4 (0.5%) still complained of pain 

24 hrs later. 


Can be used with most anesthetic agents 


Ativan Injection can be used with atropine sulfate, narcotic 
analgesics, other parenterally used analgesics, commonly 
used anesthetics and muscle relaxants. Concomitant use with 
scopolamine is not advisable, since it may lead to increased 
sedation, hallucinations and irrational behavior. 


*emphasis added 


Ativan Injection is available 

in TUBEX® sterile cartridge-needle 
units for single use 

and in multiple-dose vials. 


References: 
1. Data on file, Wyeth Laboratories. 
ia PJ, Eltringham RJ: to be published. 
S Conner JT, Parson N, Katz RL, et al: Clin Pharmacol Ther /9:24-29, 1976. 
i Conner JT, Katz RL, Bellville JW, et al: J Clin Pharmacol 78:285- 292, 1978. 
5. Heisterkamp DV, Cohen PJ: Br J Anaesth 47:79-81, 1975. 
6. Greenblatt DJ, Shader RI: N aca Med 299.1342-1344, 1978. 
7. Graham CW, Pagano RR, Conner JT: Anaesthesia 33:188-191, 1978. 


Toarrange a showing of the film "Preoperative Medication 
and the Role of ATIVAN® (lorazepam) Injection,” call or write 
Wyeth or your Wyeth representative. 
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See important information on last page. 





An important new preanesthetic medication 
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DESCRIPTION: Ativan (lorazepam) Injection, a benzodiazepine with antianxiety and sedative effects, is intended 
for IM Pd use. It has the chemical formula 7-chloro-5-(o-chloropheny!)-1,3-dihydro-3-hydroxy-2H-1,4-benzo- 
diazepin-2-one. 

Lorazepam is a nearly white powder almost insoluble in water. Each ml of sterile injection contains either 2.0 or 
4.0 mg lorazepam, 0.18 ml polyethylene glycol 400 in propylene glycol with 2.0% benzyl alcohol as preservative. 


CLINICAL PHARMACOLOGY: IV or IM administration of recommended dose of 2-4 mg lorazepam injection to 
adult patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief of preoperative anxi- 
ety and lack of recall of events related to day of surgery in most patients. The clinical sedation (sleepiness or 
drowsiness) thus noted is such that most patients are able to respond to simple instructions whether they give 
appearance of being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
tions of careful patient questioning and testing, using props designed to enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events, or recognizing props from before surgery. Lack 
of recall and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

Intended effects of recommended adult dose of lorazepam injection usually last 6-8 hours. In rare instances and 
where patients received greater than recommended dose, excessive sleepiness and prolonged lack of recall were 
noted. As with other benzodiazepines, unsteadiness, enhanced sensitivity to CNS depressant effects of ethyl alco- 
hol and other drugs were noted in isolated and rare cases for greater than 24 hours. 

Studies in healthy adult volunteers reveal that IV lorazepam in doses up to 3.5 mg/70 kg does not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does not enhance respiratory depressant effects of doses 
of meperidine up to 100 mg/70 kg (also determined by carbon dioxide challenge) as long as patients remain suffi- 
ciently awake to undergo testing. Upper airway obstruction was observed in rare instances where the patient 
received greater than recommended dose, and was excessively sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS.) 

Clinically employed doses of lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion or employing a 70 degree tilt test. Doses of 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage) will produce loss of lid reflexes within 15 minutes. 

Studies in six (6) healthy young adults who received lorazepam injection and no other drugs revealed that visual 
tracking (the ability to keep a moving line centered) was impaired for a mean of eight (8) hours following 4 mg IM 
lorazepam and four (4) hours following 2 mg IM with considerable subject variation. Similar findings were noted 
with pentobarbital 150 and 75 mg. Although this study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination, data are insufficient to predict when it would be safe to operate a motor vehicle or engage in 
hazardous occupation or sport. 

INDICATIONS AND USAGE: In adults —for preanesthetic medication, producing sedation (sleepiness or drowsi- 
ness), relief of anxiety, and decreased ability to recall events related to day of surgery. Most useful in patients anx- 
ious about surgical procedure who prefer diminished recall of events of day of surgery. 

CONTRAINDICATIONS: Known sensitivity to benzodiazepines or vehicle (polyethylene glycol, propylene glycol, 
and benzyl alcohol) or acute narrow angle glaucoma. Intra-arterial injection is contraindicated because, as with 
other injectable benzodiazepines, inadvertent intra-arterial injection may produce arteriospasm resulting in gan- 
grene which may require amputation. (See Warnings) 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
(SEE DOSAGE AND ADMINISTRATION). IV INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION. 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ARTERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM, 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED DOSE AND ACCOMPANIED BY 
OTHER DRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION; THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE. 


No evidence now supports lorazepam injection in coma, shock or acute alcohol intoxication. Since the liver is the 
most likely site of conjugation and since excretion of conjugated lorazepam (glucuronide), is renal, lorazepam is not 
recommended in hepatic and/or renal failure. This does not preclude its use in patients with mild to moderate hepa- 
tic or renal disease. When injectable lorazepam is used in mild to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged. Experience with other benzodiazepines and limited expe- 
rience with parenteral lorazepam demonstrated that tolerance to concomitant alcohol and other CNS depressants 
is diminished. As with similar CNS-acting drugs, patients receiving injectable lorazepam should not operate 
machinery or motor vehicles or engage in hazardous occupations for 24 to 48 hours. Impairment of performance 
may persist for greater intervals because of extremes of age, other concomitant drugs, stress of surgery or general 
condition of patient. Clinical trials showed patients over 50 may have more profound and prolonged sedation with 
IV use. Ordinarily an initial dose of 2 mg may be adequate, unless greater degree of lack of recall is desired. As with 
all CNS depressants, exercise care in patients given injectable lorazepam since premature ambulation may result 
in injury from falling. There is no added beneficial effect from adding scopolamine to injectable lorazepam; their 
combined effect may result in increased incidence of sedation, hallucination and irrational behavior. 
Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. Increased risk of congenital 
malformations with use of minor tranquilizers (chlordiazepoxide, diazepam, meprobamate) during first trimester of 
pregnancy was suggested in several studies. In humans, blood levels from umbilical cord blood indicate placental 
transfer of lorazepam and its glucuronide. Lorazepam injection should not be used during pregnancy because of 
insufficient data on obstetrical safety, including its use in cesarean section. Reproductive studies performed in 
mice, rats, and two strains of rabbits showed occasional anomalies (reduction of tarsals, tibia, metatarsals, malro- 
tated limbs, gastroschisis, malformed skull and microphthalmia) in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in concurrent control group, they have been reported to 
occur randomly in historical controls. At doses of 40 mg/kg p.o. or 4 mg/kg IV and higher, there was evidence of 
fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 
Endoscopic Procedures: There are insufficient data to support lorazepam injection for outpatient endoscopic 
procedures. Inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal reflexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures, therefore adequate topical 
or regional anesthesia is recommended to minimize reflex activity associated with such procedures. 
PRECAUTIONS: General: Bear in mind additive CNS effects of other drugs, e.g. phenothiazines, narcotic analge- 
sics, barbiturates, antidepressants, scopolamine and MAO inhibitors when these drugs are used concomitantly 
with or during period of recovery from lorazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS.) Use 
extreme care in giving lorazepam injection to elderly or very ill patients, or those with limited pulmonary reserve, 
because of possible underventilation and/or hypoxic cardiac arrest. Resuscitative equipment for ventilatory sup- 
port should be readily available. (See WARNINGS and DOSAGE and ADMINISTRATION.) When lorazepam is used IV 
as premedicant prior to regional or local anesthesia, excessive sleepiness or drowsiness may possibly interfere 
with patient cooperation to determine anesthesia levels. This is most likely when more than 0.05 mg/kg is given 
and narcotic analgesics are used concomitantly with the recommended dose. (See ADVERSE REACTIONS.) 

for Patients: As appropriate, inform patients of pharmacological effects, e.g. sedation, relief of 
anxiety and lack of recall, and duration of these effects (about 8 hours), so they may adequately perceive risks as 
well as benefits from its use. Caution patients who receive lorazepam injection as premedicant that driving auto- 
mobiles or operating hazardous machinery, or engaging in hazardous sports should be delayed for 24 to 48 hours 
after injection. Sedatives, tranquilizers, and narcotic analgesics given with injectable lorazepam may produce 
more prolonged and profound effect, taking the form of excessive sleepiness or drowsiness, and rarely interfering 
with recall and recognition of events of day of surgery and the day after. Getting out of bed unassisted may result in 
falling and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beverages should not be 
used for at least 24 to 48 hours after lorazepam injection due to additive effects on CNS depression seen with ben- 
zodiazepines in general. Elderly patients should be told lorazepam injection may make them very sleepy for longer 
than 6 to 8 hours after surgery. 
Laboratory Tests: In clinical trials no laboratory test abnormalities were identified with single or multiple doses 
of lorazepam injection. Tests included: CBC, urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase, LDH, choles- 
terol, uric acid, BUN, glucose, calcium, phosphorus and total proteins. 
Drug Interactions: Lorazepam injection, like other injectable benzodiazepines, produces CNS depression when 
given with ethyl alcohol, phenothiazines, barbiturates, MAO inhibitors and other antidepressants. When scopola- 
mine is used concomitantly with injectable lorazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 
Drug/Laboratory Test Interactions: No laboratory test abnormalities were identified when lorazepam was 
given alone or concomitantly with another drug, e.g. narcotic analgesics, inhalation anesthetics, scopolamine, 
atropine, and various tranquilizing agents. 


Carcinogenesis, Mutagenesis, impairment of Fertility: No evidence of carcinogenic potential emerged in . 
rats and mice during an 18-month study with oral lorazepam. No studies regarding mutagenesis have been per- 
—_ Pre-imp;antation study in rats, performed with oral lorazepam at a 20 mg/kg dose, showed no impairment 
of fertility. 

Pregnancy: Pregnancy Category D. See WARNINGS section. 

Labor : There are insufficient data for lorazepam injection in labor and delivery, including cesarean 
section; therefore, this use is not recommended. 

Nursing Mothers: Do not give injectable lorazepam to nursing mothers, because like other benzodiazepines, 
lorazepam may possibly be excreted in human milk and sedate the infant. 

Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years; therefore, such use is not recommended. 

ADVERSE REACTIONS: CNS: Most frequent adverse effects with injectable lorazepam are extensions of drug's 
CNS depressant effects. Incidence varied from one study to another, depending on dosage, route, use of other CNS 
depressants, and investigator's opinion concerning degree and duration of desired sedation. Excessive sleepiness 
and drowsiness were main side effects. This interfered with patient cooperation in about 6% (25/446) of patients 
undergoing regional anesthesia in that they were unable to assess levels of anesthesia in regional blocks or with 
caudal anesthesia. Patients over 50 years had higher incidence of excessive sleepiness or drowsiness compared 
with those under 50 (21/106 vs 24/245) when lorazepam was given IV (see DOSAGE and ADMINISTRATION). On rare 
occasion (3/1580) patient was unable to give personal identification on arrival in operating room, and one patient 
fell when attempting premature ambulation in postoperative period. Symptoms such as restlessness, confusion, 
depression, crying, sobbing, and delirium occurred in about 1.3% (20/1580). One patient injured himself postopera- 
tively by picking at his incision. Hallucinations were present in about 1% (14/1580) of patients, and were visual and 
self-limiting. An occasional patient complained of dizziness, diplopia and/or blurred vision. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had prolonged recovery room stay, because 
of excessive sleepiness or some form of inappropriate behavior (latter seen most commonly when scopolamine 
given concomitantly as premedicant). Limited information from patients discharged day after receiving injectable 
lorazepam showed one patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions. Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectable 
lorazepam, similar to experience with other benzodiazepines. 

Local Effects: IM lorazepam resulted in pain at injection site, a sensation of burning, or observed redness in the 
same area in a very variable incidence from one study to another. Overall incidence of pain and burning was about 
17% (146/859) in immediate postinjection period, and about 1.4% (12/859) at 24-hour observation time. Reactions 
at injection site (redness) occurred in about 2% (17/859) in immediate postinjection period, and were present 24 
hours later in about 0.8% (7/859). IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injection and 24 hours later 4/771 patients or about 0.596 still complained of pain. Redness did not occur immedi- 
ately post IV but was noted in 19/771 patients at 24-hour period (incidence is similar to that observed with IV 
infusion before lorazepam was given). 

Cardiovascular System: Hypertension (0.1%) and hypotension (0.1%) were occasionally observed after patients 
received injectable lorazepam. 

Respiratory System: Five patients (5/446) who underwent regional anesthesia were observed to have partial 
airway obstruction. This was believed due to excessive sleepiness at time of procedure, and resulted in temporary 
underventilation. Immediate attention to the airway, employing usual countermeasures, will usually suffice to man- 
age this (see also CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 

Other Adverse Ex : Skin rash, nausea and vomiting were occasionally noted in patients who received 
injectable lorazepam with other drugs during anesthesia and surgery. 

DRUG ABUSE AND DEPENDENCE: As with other benzodiazepines, lorazepam injection has a low potential for 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable lorazepam, 
repeated doses over prolonged period of time may result in limited physical and psychological dependence. 
OVERDOSAGE: Overcosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing from drowsiness to coma. In mild cases symptoms include drowsiness, mental confusion and lethargy; in more 
serious cases ataxia, hypotonia, hypotension, hypnosis, stages one to three coma, and very rarely death. Treat- 
ment of overdosage is mainly supportive until drug is eliminated. Carefully monitor vital signs and fluid balance. 
Maintain adequate airway and assist respiration as needed. With normally functioning kidneys, forced diuresis 
with intravenous fluids and electrolytes may accelerate elimination of benzodiazepines. In addition, osmotic diu- 
retics such as mannitol may be effective as adjunctive measures. In more critical situations, renal dialysis and 
exchange blood transfusions may be indicated. Published reports indicate that IV infusion of 0.5 to 4 mg physostig- 
mine at rate of 1mg/minute may reverse symptoms and signs suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance, visual disturbances, hallucinations, delirium); however, hazards associated with 
physostigmine (i.e., induction of seizures) should be weighed against possible clinical benefit. 

DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration whenever solution and container permit. Do not use if solution is discol- 
ored or contains a precipitate. 

Intramuscular Injection: For designated indications as premedicant, usual IM dose of lorazepam is 0.05 mg/kg 
up to maximum of 4 mg. As with all premedicants, individualize dose. (See also CLINICAL PHARMACOLOGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS.) Doses of other CNS depressants should ordinarily be reduced. 
(See PRECAUTIONS.) For optimum effect, measured as lack of recall, administer lorazepam IM at least 2 hours 
before anticipated operative procedure. Administer narcotic analgesics at usual preoperative time. There are 
insufficient efficacy data to make dosage recommendations for IM lorazepam in patients under 18 years; therefore, 
such use is not recommended. 

Intravenous Injection: For the primary purpose of sedation and relief of anxiety, usual recommended initial IV 
dose of lorazepam is 2 mg total, or 0.02 mg/Ib (0.044 mg/kg), whichever is smaller. This dose will suffice for sedat- 
ing most adults, and should not ordinarily be exceeded in patients over 50 years. In patients in whom greater likeli- 
hood of lack of recall for perioperative events would be beneficial, larger doses—as high as 0.05 mg/kg up to total 
of 4mg—may be given. (See CLINICAL PHARMACOLOGY, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS.) 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS.) For optimum effect, 
measured as lack of recall, IV lorazepam should be administered 15-20 minutes before anticipated operative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
IV USE OF LORAZEPAM (see WARNINGS). There are insufficient efficacy data to make dosage recommendations for 
IV lorazepam in patients under 18 years; therefore, such use is not recommended. 

Administration: When given IM, lorazepam injection, undiluted, should be injected deep in muscle mass. Inject- 
able lorazepam can be used with atropine sulfate, narcotic analgesics, other parenterally used analgesics, com- 
monly used anesthetics, and muscle relaxants. Immediately prior to IV use, lorazepam injection must be diluted 
with an equal volume of compatible solution. When properly diluted the drug may be injected directly into a vein or 
into the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
is compatible for dilution purposes with: Sterile Water for Injection, USP, Sodium Chloride Injection, USP, 5% Dex- 
trose Injection, USP. 

HOW SUPPLIED: Ativan® (lorazepam) injection, Wyeth, is available in multiple-dose vials and in TUBEX® Sterile 
Cartridge-Needle Units. 

2 mg/ml, NDC 0008-0581; 10 ml vial and 1ml fill in 2 ml TUBEX. 

4mg/ml, NDC 0008-0570; 10 mi vial and 1 ml fill in 2 ml TUBEX. 

For IM or IV injection. 

Protect from light. Keep in refrigerator. 

Directions for Dilution for IV Use: To dilute, adhere to following procedure: For TUBEX—(1) Extrude entire 
amount of air in half-filled TUBEX. (2) Slowly aspirate desired volume of diluent. (3) Pull back slightly on plunger to 
provide additional mixing space. (4) Immediately mix contents thoroughly by gently inverting TUBEX repeatedly 
until homogenous solution results. Do not shake vigorously, as this will result in air entrapment. For Vial—Aspirate 
desired amount of lorazepam injection into syringe. Then proceed as described under TUBEX. 


Wyeth Laboratories 


A4 Philadelphia, PA 19101 


TM 
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See below for important product information concerning warnings, adverse reactions, patient selection and prescribing and precautionary recommendations. 


MACIN hydrochioride 


brand of 


bupivacaine hydrochloride 


with or without epinephrine 1:200,000 





Indications: Peripheral nerve block, infiltration, sym- 
pathetic block, caudal, or epidural block. 


Contraindication: Marcaine is contraindicated in 
patients with known hypersensitivity to it. 


Warnings: RESUSCITATIVE EQUIPMENT AND 
DRUGS SHOULD BE READILY AVAILABLE WHEN 
ANY LOCAL ANESTHETIC IS USED. 


Usage in Pregnancy. Reproduction studies have been 
performed in rats and rabbits and there is no evidence 
of harm to the animal fetus. The relevance to the 
human is not known. Safe use in pregnant women 
other than those in labor has not been established. 


Until further clinical experience is gained, paracervical 
block with Marcaine is not recommended. Fetal brady- 
cardia frequently follows paracervical block with some 
amide-type local anesthetics and may be associated 
with fetal acidosis. Added risk appears to be present 
in prematurity, toxemia of pregnancy, and fetal distress. 


The obstetrician is warned that severe persistent hy- 
pertension may occur after administration of certain 
oxytocic drugs, if vasopressors have already been 
used during labor (e.g., in the local anesthetic solution 
or to correct hypotension). 


Solutions containing a vasoconstrictor, particularly 
epinephrine or norepinephrine, should be used with 
extreme caution in patients receiving monoamine oxi- 
dase (MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because severe, pro- 
longed hypertension may result. 


Local anesthetics which contain preservatives, i.e., 
those supplied in multiple dose vials, should not be 
used for caudal or epidural anesthesia. 


Until further experience is gained in children younger 
than 12 years, administration of Marcaine in this age 
group is not recommended. 


Precautions: The safety and effectiveness of local 
anesthetics depend upon proper dosage, correct tech- 
nique, adequate precautions, and readiness for 
emergencies. 


The lowest dosage that gives effective anesthesia 
should be used in order to avoid high plasma levels 
and serious systemic side effects. Injection of re- 
peated doses of Marcaine may cause significant in- 
crease in blood levels with each additional dose, due 
to accumulation of the drug or its metabolites or due 
to slow metabolic degradation. Tolerance varies with 
the status of the patient. Debilitated, elderly patients 
and acutely ill patients should be given reduced doses 
commensurate with age and physical condition. 


Solutions containing a vasoconstrictor should be used 
cautiously in areas with limited blood supply, in the 
presence of diseases that may adversely affect the 
patient's cardiovascular system, or in patients with 
peripheral vascular disease. 

Marcaine should be used cautiously in persons with 
known drug allergies or sensitivities, particularly to 
the amide-type local anesthetics. 


Serious dose-related cardiac arrhythmias may occur 
if preparations containing a vasoconstrictor such as 
epinephrine are employed in patients during or follow- 
ing the administration of chloroform, halothane, cyclo- 
propane, trichloroethylene, or other related agents. In 
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MULTIPLE DOSE VIAL 


deciding whether to use these products concurrently 
inthe same patient, the combined action of both agents 
upon the myocardium, the concentration and volume 
of vasoconstrictor used, and the time since injection, 
when applicable, should be taken into account. 


Caution is advised in administration of repeat doses 
of Marcaine to patients with severe liver disease. 


Adverse Reactions: Reactions to Marcaine are char- 
acteristic of those associated with other amide-type 
local anesthetics. A major cause of adverse reactions 
to this group of drugs is excessive plasma levels, 
which may be due to overdosage, inadvertent intra- 
vascular injection, or slow metabolic degradation. 


Excessive plasma levels of the amide-type local anes- 
thetics cause systemic reactions involving the central 
nervous system and the cardiovascular system. The 
central nervous system effects are characterized by 
excitation or depression. The first manifestation may 
be nervousness, dizziness, blurred vision, or tremors, 
followed by drowsiness, convulsions, unconscious- 
ness, and possibly respiratory arrest. Since excitement 
may be transient or absent, the first manifestation may 
be drowsiness, sometimes merging into unconscious- 
ness and respiratory arrest. Other central nervous 
system effects may be nausea, vomiting, chills, con- 
striction of the pupils, or tinnitus. The cardiovascular 
manifestations of excessive plasma levels may include 
depression of the myocardium, blood pressure 
changes (usually hypotension), and cardiac arrest. In 
Obstetrics, cases of fetal bradycardia have occurred 
(see Warnings). 


Allergic reactions, which may be due to hypersensi- 
tivity, idiosyncrasy, or diminished tolerance, are char- 
acterized by cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. Detection of sen- 
sitivity by skin testing is of doubtful value. 


Reactions following epidural or caudal anesthesia 
also may include: high or total spinal block; urinary 
retention; fecal incontinence; loss of perineal sen- 
sation and sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower extremities; 
headache and backache; and slowing of labor and 
increased incidence of forceps delivery. 


Treatment of Reactions. Toxic effects of local anes- 
thetics require symptomatic treatment; there is no 
specific cure. The physician should be prepared to 
maintain an airway and to support ventilation with 
oxygen and assisted or controlled respiration as re- 
quired. Supportive treatment of the cardiovascular 
system includes intravenous fluids and, when appro- 
priate, vasopressors (preferably those that stimulate 
the myocardium). Convulsions may be controlled with 
oxygen and intravenous administration, in small incre- 
ments, of a barbiturate, as follows: preferably, an 
ultrashort-acting barbiturate such as thiopental or thi- 
amylal; if this is not available, a short-acting barbiturate 
(e.g., secobarbital or pentobarbital) or diazepam. Intra- 
venous barbiturates or anticonvulsant agents should 
only be administered by those familiar with their use. 
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FORMULA 
SINGLE DOSE AMPUL 








Marcaine HCI Epinephrine* | Methyl- Sodium Thio- Ascorbic 60% Edetate | Sodium Thio- Ascorbic 6096 Edetate 
(brand of (as bitartrate) | paraben Bisulfite glycerol Acid Sodium Calcium | Bisulfite glycerol Acid Sodium Calcium 
bupivacaine HCI) Lactate Disodium Lactate Disodium 
% mg./ml. Dilution mg./m. mg/ml = mi./mi. mg/ml mi./mi. mg./ml.| mg./ml. mli/ml mg./mi. ml./ml. mg./ml. 
0.25 25 — - -— - - — - — — — 
0.25 25 1:200,000 001 2 0017 0.1 5 .001 2 0017 0.1 
0.5 5.0 — — — — — — — — — — 
0.5 5.0 1:200,000 001 2 0017 0.1 5 001 2 0017 0.1 
0.75 75 — — — — — — 
0.75 75 1:200,000 Not Available in Vials 5 001 2 0017 0.1 





Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make each solution isotonic. 
*Solutions of Marcaine that contain epinephrine should not be autoclaved. Federal law prohibits dispensing without a prescription. 


More protection 
for the newborn 


A drug of choice for epidural 
anesthesia that results in 


| decreased placental transfer’ 


W fewer neurobehavioral changes 
than lidocaine or mepivacaine?! 


Maəarcaine hydrochloride 


brand of 


bupivacaine hydrochloride 


with or without epinephrine 1:200.000 
See adjacent page for prescribing information. Not recommended for paracervical block 
Model by Hubbard Scientific Co Northbrook " 
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59:897-901, 1980 


Halothane-Induced Changes in Neuronal Activity of 
Cells of the Nucleus Reticularis Gigantocellularis of 
the Cat 


Hirosato Kikuchi, MD,* Luke M. Kitahata, MD, PhD,1 J. G. Collins, PhD,* 
Michio Kawahara, MD,* and Kikuo Nio, MD 





KIKUCHI, H., KITAHATA, L. M., COLLINS, J. G., KAWAHARA, M., AND Nio, K.: Halothane-induced changes in neuronal 
activity of cells of the nucleus reticularis gigantocellularis of the cat. Anesth Analg 59:897—901, 1980. 


The ability of 0.5% and 1.0% halothane to suppress neuronal activity of cells in the nucleus reticularis gigantocellularis 
(NRGC) was studied in decerebrate cats. These drug effects were examined in order to substantiate further the 
potential involvement of the NRGC in the modulation of transmission of pain information. Only cells of the NRGC, 
which were excited exclusively by electrical stimulation of A-delta fibers in the superficial radial nerve, were studied. 
Both concentrations of halothane caused a significant, dose-dependent reduction of spontaneous and evoked activity 
of all cells studied. These findings correlate well with previous reports of other anesthetics suppressing NRGC activity. 
In light of the selective depression by anesthetics and narcotic analgesics of spinal cord dorsal horn cells associated 
with noxious stimuli, these findings, when combined with anatomic, physiologic, and behavioral studies of NRGC, 
provide further evidence of the involvement of NRGC in the signaling of noxious stimuli and the analgesic effects of 


halothane exerted at this site. 


Key Words: ANESTHETICS, Volatile: halothane; BRAIN: nucleus reticularis. 





HE IMPORTANCE of cells in the medial brain- 

stem reticular formation to the processing of 
information about noxious stimuli has been a subject 
of much interest since Burton,’ using electrophysio- 
logic techniques, showed that typical neurons in that 
area were excited when a noxious mechanical stimu- 
lus was applied to peripheral receptive fields. Bowsher 
et al? reported that cells in the nucleus reticularis 
gigantocellularis (NRGC) form a relay for somatic 
impulses between the spinal cord and higher brain 
areas. Casey? reported that.the discharge rates of cells 
within the NRGC, activated by electrical stimulation 
of the superficial radial nerve, increased to high levels 
when such stimulation elicited escape behavior in 
trained cats. Although various types of input have 


been reported for NRGC, and its anatomic designa- - 


tion is complex,*? it is agreed that many cells in 
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NRGC respond exclusively or maximally to noxious 
stimulation of peripheral receptive fields. ^ ° 

There is increasing evidence that anesthetic agents 
selectively depress neuronal activity in areas of the 
central nervous system which are activated by noxious 
stimuli. This has been demonstrated for a large num- 
ber of anesthetic and analgesic agents in the spinal 
cord." [n addition, anesthetic agents such as nitrous 
oxide," morphine,'* ketamine,'* as well as periaque- 
ductal gray stimulation! (which produces behavioral 
analgesia in laboratory animals) have all been shown 
to produce significant depression of single unit activ- 
ity of cells in the NRGC. This present study was 
undertaken in an attempt to determine whether, as 
demonstrated with other anesthetics and analgesics, 
halothane can depress noxiously evoked activity of 


NRGC cells. 
Methods and Materials 


Thirty-eight cats of both sexes, weighing from 2.5 
to 4.0 kg, were used in this study. Under halothane- 
nitrous oxide-oxygen anesthesia the animals were 
prepared with a tracheostomy and femoral artery and 
vein cannulation. After mounting the head in a Hor- 


z sley-Clark. stereotactic apparatus, electrolytic lesions 
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CENTRAL ACTION OF HALOTHANE 


were made in the midbrain reticular formation for 
supracollicular decerebration. General anesthesia was 
then discontinued and the lungs were ventilated with 
100% oxygen using a volume-cycled ventilator con- 
nected to a non-rebreathing system. General anesthe- 
sia was maintained for approximately 90 minutes and 
neuronal recording began no sooner than 2 hours 
after its termination. End-tidal CO» was held at 32 to 
36 torr. Systolic arterial blood pressure was main- 
tained above 90 torr by administering volumes of 
lactated Ringer's solution as necessary. In addition, an 
intravenous infusion of lactated Ringer's solution with 
gallamine triethiodide (0.1%) was administered at a 
rate of 3 to 10 ml/kg/hr. Rectal temperature was 
maintained at 37.0 + 1 C with an infrared heating 
lamp and a thermal Servo-controlled warm mattress. 
A pneumothorax was made to reduce the movement 
of the brainstem due to respiration. The superficial 
radial nerve on the left side was isolated for the 
placement of two pairs of silver bipolar electrodes: 
the proximal pair for stimulating and the distal pair 
for recording the compound action potentials. Paraf- 
fin film was placed beneath the nerve to shield it from 
the surrounding tissue. The application of warm par- 
affin oil to the nerve protected it from cooling and 
drying out. 

To facilitate microelectrode penetration, the snout 
of the animal was tilted downward 30 degrees from 
the horizontal plane. Following occipital craniectomy, 
a tungsten microelectrode, with a 1- to 2-u exposed 
tip (impedance: 9 to 14 Megohm at 1000 Hz) was 
inserted from 1.0 to 2.5 mm rostral and lateral to the 
obex at a depth of 2000 to 5000 u from the dorsal 
surface. The electrode was inserted at an angle of 25 
degrees from the vertical. 

Prior to searching for NRGC cells the threshold 
intensities and the intensity required for maximum 
activation of the A-beta and A-delta components of 
the compound action potential of the superficial radial 
nerve were determined. Supramaximal activation of 
A-beta and A-delta fibers was used to evaluate the 
response characteristics of each single NRGC cell. 

As the microelectrode was advanced into the area 
of the NRGC the contralateral superficial radial nerve 
was stimulated at the test frequency described below. 
When a single cell of adequate amplitude was en- 
countered, its response to electrical stimulation of the 
superficial radial nerve at A-beta and A-delta inten- 
sities was evaluated. Only cells that responded exclu- 
sively to supramaximal A-delta stimulation were in- 
cluded in this study, thus removing the possibility of 
cells being activated by low threshold A-beta fibers. 
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In preliminary studies, we varied the number of 
stimuli in the train that was used to stimulate the 
superficial radial nerve. Trains of the same frequency 
but composed of from one to 20 pulses were tested to 
determine the best stimulus conditions for activating 
NRGC neurons. These results determined the stimu- 
lus parameters which were used in the remainder of 
the study. 

When a single cell was determined to be appropri- 
ate for inclusion in this study the superficial radial 
nerve was stimulated with a 100-msec train composed 
of ten 1-msec pulses. The train, which was presented 
once a minute, was at twice maximal voltage for 
activation of the A-delta component of the compound 
action potential. The compound action potential was 
continuously monitored on a cathode-ray oscilloscope 
throughout the experiment. Single-cell neuronal ac- 
tivity was amplified, displayed on a cathode-ray os- 
cilloscope, discriminated by an amplitude discrimi- 
nator, and recorded on magnetic tape. At the same 
time, the instantaneous firing frequency of the single 
cell was traced on a polygraph. 

rollowing a 10-minute control period, halothane, 
either 0.5% or 1.0% was delivered through a calibrated 
Fluotec Mark III vaporizer for 20 minutes. Sponta- 
neous and stimulus driven neuronal activity were 
monitored continuously to observe the effect of hal- 
othane, as well as neuronal recovery following drug 
administration. 

At the end of the experiment, an electrolytic lesion 
was made by applying direct current through the 
recording microelectrode. After sacrificing the animal 
with 10096 nitrous oxide, the brainstem was fixed in 
formalin. Frozen sections were cut to a thickness of 
30 to 50 u and stained with cresyl violet to identify 
the sites of the recordings. The location of each lesion 
within the NRGC was verified histologically. 

Data recorded on magnetic tape were analyzed off- 
line using a general-purpose digital computer (DEC 
PDP-11/40). The spontaneous activity was averaged 
for 30 seconds during each observation. Cells with 
control spontaneous rates of less than 0.5 impulses 
per second were not included in the data analysis of 
mean spontaneous activity of all cells studied. The 
duration of evoked activity for each cell during control 
stimulation was used as the time period during which 
all evoked data analysis was performed for that cell. 
The differences between mean values of spontaneous 
and evoked firing rates obtained during the control 
period, during drug administration, and during the 
recovery phase were assessed for significance by the 
Student's t-test. 


KIKUCHI ET AL 


Results 


Stimulus-Response Characteristics 


The threshold voltage required to stimulate the A- 
delta component of the superficial radial nerve was 
0.79 + 0.05 V (mean + SEM). The value for the 
maximum A-delta response was 1.17 + 0.08 V (mean 
+ SEM). The difference between the voltage required 
for a maximum A-beta response (0.39 + 0.01 V, mean 
+ SEM) and the A-delta threshold value was statisti- 
cally significant (p < 0.001). 

Preliminary studies revealed that the number of 
impulses in the stimulus train could influence the 
amount of activity in NRGC neurons. At a stimulus 
frequency of 100 Hz the NRGC neurons were maxi- 
mally driven by stimulus trains composed of more 
than seven impulses. Because of this finding, we 
employed trains of 10 impulses, thus ensuring maxi- 
mal activation of the cells under study. 

All of the recordings included in this study were 
obtained from single neurons (N = 38) located his- 
tologically within NRGC. All of the cells responded 
exclusively to supramaximal A-delta fiber stimula- 
tion. The NRGC cells responded to peripheral nerve 
stimulation (following a brief delay) with a high rate 
of firing lasting for several seconds. Subsequent to 
this burst of activity the cells returned to a prestimulus 
level of spontaneous activity. 


Halothane Effects 


As seen in Fig J, 20 minutes of 0.5% halothane 
administration (the lowest concentration studied) re- 
sulted in maximum depression of both spontaneous 
and stimulus driven activity of NRGC neurons (N = 
5). As a result of this finding, all of the halothane 
effects reported in this paper were obtained at 20 
minutes after the start of drug administration. 

A typical result of halothane administration is seen 
in the polygraph tracings in Fig 2. For the cell depicted 
in this figure, supramaximal A-delta stimulation of 
the superficial radial nerve resulted in a burst of 
neuronal activity well above spontaneous levels. Hal- 
othane (0.5%) suppressed both the spontaneous and 
evoked neuronal activity. Both types of activity re- 
turned to control levels following the end of drug 
administration. 

The effect of halothane (0.5% and 1.0%) on mean 
spontaneous activity of all cells studied is shown in 
Table 1. Although initial excitation was seen in some 
cells (five of 15 following 0.5% and two of 10 following 
1.0%), all cells were suppressed by halothane at each 
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Fig 1. Time course of halothane (0.595) inhibition of mean 
NRGC cell spontaneous and evoked activity (n = 5). The percent 
suppression from control values (ordinate) for spontaneous (6) 
and evoked (X) activity is plotted against time in minutes (a»5- 
scissa). Note that the maximum suppression is reached, for both 
types of activity, in 20 minutes and that the amount of suppres- 
sion remains constant for the next 10 minutes. 
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Fia. 2. Halothane suppression of a single NRGC neuron. Each 
plot is the polygraph tracing of the instantaneous firing fre- 
quency of the neuron before, during, and after the administration 
of 0.596 halothane. Plot on the left shows the neuronal activitv 
in the control situation; plot in the middle shows the effect of 20 
minutes of halothane administration; right-hand plot shows re- 
covery following the end of halothane administration (20 minutes 
after 0.596). The polygraph tracings were made in curvilinear 
paper which causes the peak firing to appear to occur before 
stimulus onset. 


dosage following 20 minutes of administration. The 
use of 0.5% halothane caused a significant (p < 0.01) 
reduction in mean spontaneous activity from 7.5 + 
1.5 (x + SE) to 2.6 + 0.5, impulses per second. The 
reduction following 1% halothane, from 8.8 + 3.5 to 
1.5 + 0.6, was not only statistically significantly dif- 
ferent (p « 0.01) from control values but was also 
significantly greater (p « 0.05) than the suppression 
caused by the lower dose of halothane. 

The effect of halothane (0.5% and 1.0%) on mean 
evoked activity-of all cells studied is shown in Table 
2. The evoked activity of all cells was suppressed by 
halothane at 20 minutes, although initial excitation 
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CENTRAL ACTION OF HALOTHANE 


TABLE 1 


Effect of Halothane on Mean Spontaneous Activity of Cells 
in Nucleus Reticularis Gigantocellularis* 


Cell activity Maximum s 
x following hal- : kid 
Halothane Control cell activity piano ad: pression from 
| ministration control values 
impulses/sec 96 
0.5% 7.5+1.5(n = 15) 2620.5 65.3 + 6.71 
1.096 8.8 + 3.5 (n = 10) 1.5zx0.6 83.0 + 6.8ł 


* Values are means + SE. 
T Significantly different from control values p « 0.01. 
i Significantly different from 0.5% halothane p « 0.05. 


TABLE 2 


Effect of Halothane on Mean Evoked Activity of Nucleus 
Reticularis Gigantocellularis* 





SENA Maximum sup- 

Halothane Contro! cell activity pression from 
othane ad~ 

rae à control values 
ministration 

impulses/sec 96 
0.596 41.2 + 4.9 (n = 18) 13.4426 67.4 + 6.41 
1.096 44.4 + 5.7 (n = 15) 5.0 4 2.1 88.7 + 4.71 





* Values are means x SE. 
T Significantly different from control values P « 0.01. 
i Significantly different from 0.5% halothane P < 0.05. 


was seen in four of 18 cells following 0.5% and in 
three of 15 cells following 1.0% halothane. As with 
the spontaneous activity, the suppression by both 
concentrations was significantly different from con- 
trol values (p < 0.01) and the suppression by 1.0% 
was significantly greater than that following 0.5% (p 
< 0.05). The use of 0.5% halothane reduced the mean 
evoked activity from a control level of 41.2 + 4.9 (x 
+ SE) to 13.4 + 2.6 impulses per second. The use of 
1.0% halothane reduced the mean activity from 44.4 
+ 5.7 to 5.0 2.1 impulses per second. 

For both the spontaneous and stimulus driven ac- 
tivity, recovery to control values occurred within 30 
minutes of the end of halothane administration. 


Discussion 


The precise function of the NRGC has not been 
established. Anatomically, the NRGC has been de- 
scribed as a major recieving area for ascending pain 
transmission pathways in the cat.” Basbaum et a]!* !? 
have shown that NRGC projects to motor-related 
areas including cranial motor nuclei VI, VII, and XII 
as well as to cells in laminae VII and VIII of the spinal 
cord. In addition, NRGC sends dense projections to 
the periaqueductal gray and the dorsal raphe nucleus. 
Cells of the NRGC also project to thalamic intralam- 
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inar nuclei which contain neurons responsive to nox- 
ious peripheral stimulation and receive "paleospi- 
nothalamic" tract input. Basbaum et al’®*? also 
showed that NRGC projects to the lateral hypothala- 
mus, which, as a way station of the medial forebrain 
bundle, is probably involved in affective aspects of 
the pain response. 

Using electrophysiologic techniques, Fields et al? 
have shown that cells of origin of the.spinoreticular 
tract, which terminates in NRGC, are found in lamina 
IV to VIII of the feline lumbosacral enlargement. 
Casey” has reported that a large percentage of the 
cells of the NRGC respond exclusively to noxious 
stimuli. Behaviorally, Casey? demonstrated that elec- 
trical stimulation of the NRGC in awake cats elicits 
escape. behavior. From anatomic, physiologic, and 
behavioral studies, it appears that NRGC has diverse 
functions related to the signaling of pain. 

The significance of the present study is the dem- 
onstration that therapeutic concentrations of halo- 
thane depressed both the spontaneous and evoked 
activity of NRGC neurons. It should be noted that 
these neurons were activated only by A-delta fiber 
stimulation and not by low threshold A-beta stimu- 
lation (from work by Collins et al” it is known that 
A-delta stimulation is necessary to evoke nociception 
in man). This finding, when compared with already 
known suppressive effects of nitrous oxide, morphine, 
and ketamine, suggests that the suppression of NRGC 
activity by halothane may be involved with its anal- 
gesic properties. 

At the level of the spinal cord, evidence has accu- 
mulated which suggests that anesthetics and analge- 
sics have a greater inhibitory effect on activity elicited 
by noxious stimuli than on activity elicited by non- 
noxious stimuli.""!? The ability of such drugs to inhibit 
noxiously driven NRGC activity would provide fur- 


ther evidence of that area's involvement with the 


analgesic action of such drugs. 
In summary, the results of the present study have 


demonstrated a dose-dependent suppression by hal- 


othane of histologically verified NRGC neurons which 
were activated by supramaximal stimulation of a pe- 
ripheral nerve. These findings further implicate the 
involvement of the NRGC in nociception and provide 
evidence for sites of action of halothane analgesia. 
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Intrathecal Morphine as Sole Analgesic during Labor 


In 12 consecutive unselected patients admitted to a maternity unit a single injection of subarachnoid 
morphine sulfate, 1.5 mg, abolished pain during the first stage of labor. Pain in the second stage was 
abolished in four patients and lessened in three. During the early puerperium, pain at the site of the 
episiotomy was much reduced. Side effects included itching of the face, nausea and vomiting, and 
frontal headache, but these were mild and simply treated. Pain was even less severe in the last four 
patients in the series in whom barbotage was not used in administering the morphine. The high rate 
of forceps delivery and cesarean section (three cases of each) was not thought to be associated with 
the use of intrathecal morphine. These findings show that intrathecal morphine can abolish the pain 
of labor, while preseving the mother's full awareness of labor and her cooperation in the second and 
third stages of labor. The authors concluded that the results of this preliminary study, which lacked 
a contro] group, suggest that further trials of this technique are warranted. (Scott PV, Bowen FE, 
Cartwright P, et al: Intrathecal morphine as sole analgesic during labor. Br Med J 281:351—353, 1980) 
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Thoracic Epidural vs Balanced Anesthesia in Morbid 
Obesity: An Intraoperative and Postoperative 
Hemodynamic Study 


Simon Gelman, MD,* Henry L. Laws, MD,7 Joseph Potzick, B5,t Sandra Strong,§ 
Lloyd Smith, MA,| and Hamdi Erdemir, MD,{ 


GELMAN, S., Laws, H. L., PoTzick, J., STRONG S., SMITH, L., AND ERDEMIR, H.: Thoracic epidural vs balanced 
anesthesia in morbid obesity: an intraoperative and postoperative hemodynamic study. Anesth Analg 59:902-908, 
1980. 


Thirty-eight morbidly obese patients undergoing gastric bypass were divided into two groups. All patients received 
general endotracheal anesthesia with muscle relaxation and controlled respiration with N20-O, mixture. In addition, 
group I, 17 patients, received balanced anesthesia, while the remaining 21 patients, group Il, received thoracic (T-5) 
epidural analgesia. Postoperative analgesia was achieved with morphine intravenously in group ! and with 0.5% 
bupivacaine epidurally in group IJ. Circulatory function was measured and calculated using radial artery cannulation 
and pulmonary arte’y catheterization with Swan-Ganz thermodilution catheters. A significant decrease in cardiac index 
(1096 and 14% in croups l and ll, respectively), in left and right ventricular stroke work (12% to 30%), systolic blood 
pressure-heart rate product (16% and 28% in groups | and Il, respectively), in arterial venous oxygen content 
difference and oxygen consumption (3196 and 39% in groups | and Il, respectively) was observed during surgery. A 
decrease in intrapulmonary shunt from 2096 + 2.996 before anesthesia to 15% + 2.1% intraoperatively was seen in 
patients given epidural anesthesia. Postoperatively epidural analgesia was associated with a decrease in left ventricular 
stroke work (12%), systolic pressure-heart rate product (1096), arteriovenous oxygen content differences (17%), and 
oxygen consumption (2096), compared with values observed when patients experienced pain. Morphine given for 
relief of postoperative pain was not associated with significant changes in cardiovascular function. Continuous epidural 
analgesia used postoperatively for relief of pain in morbidity obese patients, following upper abdominal surgery, 
slightly decreases oxygen requirement and benefits cardiovascular function as reflected by a decrease in left 
ventricular stroke work. 


Key Words: ANESTHETIC TECHNIQUES, Regional, Epidural; COMPLICATIONS: obesity; PAIN: postoperative. 





HE OPTIMUM anesthetic management of mor- 

bidly obese patients is a debatable subject, but 
the more frequent recommendations include the use 
of endotracheal anesthesia with narcotics of inhalation 
agents with muscle relaxants.’ A combination of 
light, general anesthesia, and lumbar epidural anal- 
gesia, however, has also been used successfully. Tho- 
racic epidural anzlgesia has been used successfully in 
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nonobese patients for relief or postoperative pain 
following abdominal surgery” and has been found 
to affect favorably some tests of pulmonary func- 
tion.’ An improvement in gastric and intestinal mo- 
tility after abdominal surgery might also be a 
potential advantage of thoracic epidural analgesia 
compared to use of narcotics.'^ !! 

Frequent problems encountered in anesthetic man- 
agement of morbidly obese patients are related to 
preexisting respiratory’ and circulatory’ ? dis- 
turbances, such as cardiomegaly,’ increased left ven- 
tricular end-diastolic pressure," and systemic and 
pulmonary arterial hypertension.'* '? Some data sug- 
gest that obesity imposes a greater work load on a 
heart with an already compromised circulation.^^ ” 
This study was designed to compare the effectiveness 
of epidural anesthesia for pain relief and the role of 
the associated sympatholytic effect using morphine 
for relief of pain. 


GELMAN ET AL 


Methods 


This study was approved by the Research Commit- 


à tee, Institutional Review Board for Human Use, Uni- 


versity of Alabama in Birmingham and informed 
consent was obtained from each patient. Thirty-eight 
patients scheduled for gastric bypass operations for 
morbid obesity were randomly divided into two 
groups. Group I (17 patients, 39 + 3.6 years old, 
weighing 137 + 11.1 kg, body surface area (BSA) = 
2.37 + 0.5 m?) received balanced general anesthesia 
during surgery and morphine analgesia postopera- 
tively. Group II (21 patients, 36 + 2.1 years old, 
weighing 149 + 5.9 kg, BSA = 2.38 + 0.1 m°) received 
light general anesthesia combined with thoracic epi- 
dural analgesia during surgery and epidural analgesia 
during the postoperative period. Values of age, 
weight, and BSA are given as means x SD. There 
were no significant differences between the two 
groups of patients in any variable concerning cardio- 
vascular and respiratory function, age, weight, and 
duration and type of surgical procedure. 

Premedication for all patients consisted of diaze- 
pam, 10 mg, and antacid (Mylanta), 30 ml orally, 1 
hour before surgery. Before surgery, a radial artery 
was cannulated and a thermistor-tipped Swan-Ganz 
catheter was floated into the pulmonary artery. All 
patients received d-tubocurarine, 3 mg, thiopental 
sodium, 3 mg/kg, and succinylcholine, 0.8 to 1.0 mg/ 
kg intravenously, for induction of anesthesia. Follow- 
ing oral endotracheal intubation, pancuronium, 0.05 
to 0.06 mg/kg, was injected and controlled respiration 
with N;O-Os mixture (2:1) was provided to all pa- 
tients. During the operation an additional 1 mg of 
pancuronium was given to four patients in group 1 
and three patients in group II. 

In addition to the above, the patients in group I 
received fentanyl (0.3 to 0.6 mg) intravenously and/ 
or enflurane (0.5 to 0.8 vol 96 inspired). The patients 
in group II received thoracic epidural analgesia instead 
of inhalation agents and/or narcotics. In the first 12 
patients of group H, with the patient in a sitting 
position, a catheter was inserted into the epidural 
space at the T5-6 level before induction of anesthesia. 
A standard loss of resistance technique was used to 
identify the epidural space. Using this technique, 
epidural space could not be identified in five patients 
and they were reassigned to group I. In the remaining 
nine patients of group II, with the patient prone, an 
epidural catheter was inserted at the same level on the 
day preceding surgery under fluoroscopic control 
(using the posterior-anterior projection only). It has 


been found that fluoroscopic control significantly re- . 
duces the technical problems associated with thoracic 
epidural catheterization in obesity and makes the 
procedure less difficult than the standard technique 
used in average-sized patients. Intraoperative analge- 
sia in group. II was provided with 0.596 bupivacaine 
without epinephrine, 12 to 16 ml injected through the 
epidural catheter. 

After surgery, all patients were given glycopyrro- 
late, 0.4 mg, and pyridostigmine, 10 mg, intravenously 
to reverse the neuromuscular block. The endotracheal 
tube was removed when patients met our standard 
requirements for extubation, i.e., ability to lift the 
head for 5 seconds, tidal volume equal to preoperative 
value, vital capacity more than twice tidal volume, 
negative inspiratory force 25 to 30 torr, Paco, less than 
42 torr, and Pao, above or equal to the preoperative 
value. 

In group II patients, postoperative pain relief was 
achieved with 4 to 7 ml of 0.5% bupivacaine without 
epinephrine injected epidurally every few hours as 
needed. The epidural catheter was removed on the 
second or third postoperative day when the pain 
subsided. Group I patients received an intravenous 
injection of morphine for postoperative pain relief. 
The drug was titrated: 2 mg of morphine was given 
every 10 minutes until pain subsided and the patient 
felt comfortable. There was no need to exceed 6 mg 
in most of the patients, and only two patients received 
8 mg of morphine for adequate analgesia. The differ- 
ence in vital capacity values observed before and after 
analgesia was considered as an additional measure of 
effective pain relief. 

The following circulatory and respiratory measure- 
ments were made throughout the course of the study: 
systolic, diastolic, and mean systemic arterial pres- 
sures (SAP, DAP, and MAP, respectively); systolic, 
diastolic, mean, and capillary wedge pulmonary ar- 
terial pressures (SPAP, DPAP, MPAP, and CWP, 
respectively); and cardiac output using the thermodi- 
lution method (the average of three successive deter- 
minations was recorded). Arterial and mixed venous 
blood pH and gas tensions were measured using 813 
pH/blood gas analyzer; oxygen content was deter- 
mined with a 282 CoOximeter (both of Instrumenta- 
tion Laboratory Inc). Respiratory rate as well as tidal 
volume and vital capacity were measured using 403 
Monaghan electronic spirometer. The following cir- 
culatory functions were calculated: arteriovenous ox- 
ygen content difference (Cao, — Cvo,), oxygen con- 
sumption (according to Fick equation, as a product of 
cardiac output and Cao, — Cvo,), systolic arterial 
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pressure-heart rate product (RPP), cardiac index (CI), 
systemic and pulmonary artery vascular resistance 
(SVR and PVR, respectively), left. and right ventricular 
stroke work (LVSW and RVSW, respectively), and 
intrapulmonary shunt (venous admixture).”” 
Respiratory, circulatory, and biochemical data were 
measured and calculated at the following times: time 
I, one day before surgery ("baseline" values) and on 
the day of surgery (before induction of anesthesia, 40 
minutes following cannulation of the radial artery and 
insertion of the Swan-Ganz catheter); time II, during 
surgery ('surgery" values) toward the end of the 
intraperitoneal stage of operation; time III, within 15 
minutes after the operation ("after surgery” values); 
time IV, two to five times during the day of surgery 
and during the first postoperative day when patients 
experienced pain and requested pain medication 
("pain" values); and time V, 30 minutes after pain 


was relieved by intravenous morphine injection 
(group I) or by epidural analgesia (group II) ("pain 
relief" values). Fro, was maintained at the same level 
as at time IV. Postoperatively, all patients were kept 
in 10-degree head-up position. 

Statistical analysis consisted of one-way analysis of 
variance, t-test, and correlation analysis. Comparisons 
of serial measurements were made using paired t- 
tests. All computations were performed using the 
statistical analysis system. 


Results 


Baseline (Time I) 


Circulatory measurements and calculations at time 
I show slight systemic and pulmonary artery hyper- 
tension (Tables 1 and 2, I, baseline). Cardiac output 
and oxygen consumption values were also increased 








TABLE 1 

Hemodynamic Data in Group | Patients given Balanced Anesthesia for Surgery and Morphine Postoperatively for Relief of 

Pain* 

Stage of observation 
Measurement i In IV V 
baseline surgery after surgery postoperative pain postoperative ae 
relief (morphine) 

HH 85 + 4.3 91 + 5.2 87 + 5.7 98 + 5.0T§ 96 + 4.5§ 
MAP 105 + 4.6 98 + 4.8 103 + 4.2 103 + 2.5 102 + 2.5§ 
RAP 11 + 2.3 13 4 1.7 10 4 1.8 8 + 1.3 9 x 1.2 
MPAP 23 + 2.4 23 cb 2.1 22 + 2.0 21 t 1.5 23-t1.7 
CWP 15 = 20 16 4 1.9 14 4 1.9 10 x 1.0 12 4 1.1 
Cl 3.30 + 0.31 2.98 + 0.29T 3.30 x 0.25 3.78 + 0.257 3.61 + 0.21§ 
SV 76.6 + 10.3 80.5 + 7.2 95.4 + 8.6 91.7 + 3.8 91.7 + 7.0 
LVSW 119.7 + 22.1 87.7 + 9.71 119.0 + 11.4 117.5 + 10.4 114.0 + 8.7 
RVSW 17.0 €x 5.4 10.4 + 2.0F 17.2 + 2.9 17.4 + 2.3 20.2 + 3.4 
SVR 961 + 122 963 + 110 951 + 104 898 + 116 869 + 114 
PVR 81 + 21 79 + 18 87 + 16 98 + 14 103 +13 
RPP 14.7 + 0.8 12.3 + O.8T 13.7 x 1.38 15.1 + 1.2 14.3 x 1.08 
Paco, 39 + 1.9 32 + 2.31 42 + 1.4 40 x 1.7 39 + 1.9 
HCO; a 24.4 + 1.0 19.7 + O.6t 21.1 x 0.8 21.3 40.9 21.4 x 0.6 
Cao, 17.2 + 0.8 17.8 + 0.6 17.8 + 1.2 18.0 + 1.1 17.8 + 0.8 
CVo, 13.0 + 0.6 14.8 + 0.7 13.6 + 0.7 14.5 + 0.5 13.9 + 0.5 
Cao, — CVo, 4.0 3: O.3 3.1 + 0.57 4.2 10.2 3.8 + 0.5 4.1 + 0.5 
Oz cons 312.5 + 26.7 216.3 + 32.91 335 + 29.88 330.5 + 30.7 369.6 + 22.118 
Shunt 25 + 4.6 25 + 5.0 22 t 2.8 27 4 3.3 25 + 32 


See Snr TE A e ERREUR ARUBA hh A ihe Aileen 


* Values are means + SEM. Abbreviations used are: HR, heart rate (beats/min); MAP, mean arterial pressure (torr); RAP, right 
atrial pressure (torr); MPAP, mean pulmonary pressure (torr); CWP, capillary wedge pressure (torr); Cl, cardiac index (L/min/m?); 
SV, stroke volume (ml); LVSW, left ventricular stroke work (g m/beat); RVSW, right ventricular stroke work (g m/beat); SVR, systemic 
vascular resistance (dynes - sec - cm^?); PVR, pulmonary arteriolar vascular resistance (dynes - sec - cm 5j RPP, heart rate x 
systolic blood pressure product (x 107); Paco,, arterial carbon dioxide tension (torr); HCOs a, arterial actual bicarbonate concentra- 
tion (mEq/L); Cao,, arterial oxygen content (mi O5/100 ml of blood); Cvo,, mixed venous oxygen content (ml 02/100 ml of blood); 
Cao, — GVo,, arteriovenous oxygen content difference (ml O2/100 m of blood); O; cons, oxygen consumption (ml O2/min); Shunt, 
intrapulmonary shunt (96). 

+ p < 0.05 compared with baseline (time I) values according to t-test for paired data. 

tip < 0.05 compared with pain (time IV) values according to t-test for paired data. 

8 p < 0.05 compared with value of corresponding stage between group | and ll patients according to standard t-test. 
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TABLE 2 


GELMAN ET AL 


Hemodynamic Data in Group ll Patients given Epidural Anesthesia Intra- and Postoperatively * 








Stage of observation 


Variable l l "T IV V 
baseline surgery after surgery postoperative pain bM di 

HR 77 € 3.5 82 + 2.2 78 X 2.9 85 x 3.98 84 + 2.98 
MAP 105 x 7.1 88 + 5.9] 89 + 6.11 98 + 3.51 92 + 2.7118 
RAP 10 x 0.5 1T3E t.6 10 + 1.6 10 + 1.2 9+ 1.1 
MPAP 18 + 1.7 20 + 2.0 19 + 1.2 22 + 1.6 20+ 1.5 
CWP 14 + 4.2 13 + 2.2 11 x 1.1 13 x 1.7 1241.9 
Cl 3.10 + 0.25 2.66 + 0.331 2.90 + 0.191 3.17 + 0.18 3.04 + 0.188 
SV 83.7 + 8.0 71.4 + 8.5 90.8 + 7.3 93.7 + 6.8 90.0 + 5.3 
LVSW 116.5 + 10.8 76.1413.5¢ 101.4413.67 111.1 £8.0 98.2 + 6.911 
RVSW 10.1 + 1.6 8.9 + 1.6f 12.7+1.8 14.6 + 2.31 14.0 + 4.27 
SVR 1034 + 85 859 + 99T 933 + 101 938 + 121 920 + 64 
PVR 66 +9 89 x 17 93 +9 78 +10 88 x9 
RPP 13.5 + 0.8 9.7 + 0.8t 9.5 + 1.018 12.7 + 0.8 11.5 + O.7 118 
Paco, 37x 15 29 + 2.2t 39 x 1.3 37 + 1.4 37 + 1.3 
HCOs a 23.4 + 0.6 18.9 + 0.76T 22.4 + 0.5 22.2 + 0.5 21.4 + 0.5 
Cao, 17.0 1.4 15.5 + 1.0 16.9 + 0.5 17.2 + 0.5 18.0 + 0.6 
CVo, 12.9 + 0.6 12.6 + 0.5 13.7 + 0.4 12.9 + 0.7 14.7 + 0.4} 
Cao, — Cio, 4.2 X 0.3 2.9 + 0.31 3.4 + 0.81 4.0+0.9 3.3 + 0.44 
Oz cons 317.0 + 46.0 193.13 + 24.3} 225.5 + 31.008 293.4 + 23.91 233.5 + 22.9118 
Shunt 20 + 2.9 15 x 2.1f 23 + 2.8 22 ż 1.3 | 22 X 1.6 





* See footnotes to Table 1. 


when compared to the normal values of average-sized 
patients, but when calculated per kilogram of body 
weight the values appeared to be lower. No significant 
differences were found in any measured or calculated 
hemodynamic data in the two groups of patients 
before surgery. 


Surgery (Time II) 


Surgery was accompanied by significant decreases 
below baseline values in SAP, DAD, and MAP in 
those patients who received light general anesthesia 
plus epidural analgesia (group II). The same tendency 
was also seen in patients who received balanced an- 
esthesia, but the changes in DAP and MAP were not 
statistically significant. CI decreased 1096 and 1496 in 
groups I and II, respectively. LV5W and RVSW also 
decreased in both groups. RPP decreased 28% in 
patients who received epidural analgesia and 16% in 
patients who received balanced anesthesia. SVR 
slightly decreased in group II patients only. Patients 
in both groups experienced hypocapnia related to 
controlled ventilation. The significant decrease in the 
arterial actual bicarbonate level was related to venti- 
lation in both groups of patients (the coefficient of 
correlation between arterial actual bicarbonate and 
Paco, level was 0.83 in group I and 0.86 in group II, p 
« 0.001). 


Arterial oxygen content was not significantly 
changed from baseline levels during surgery in either 
group of patients; however, a slight tendency toward 
decreased arterial oxygen content was seen in patients 
who received epidural analgesia. Pao, was 85 + 5.6 
torr and 79 x: 4.8 torr in groups I and II, respectively, 
preoperatively, and higher than 125 torr during sur- 
gery in both groups of patients. Changes in hemoglo- 
bin concentration between times I and II in those 
patients who received balanced anesthesia were not 
significant, but in patients who received epidural 
analgesia, hemoglobin concentration decreased sig- 
nificantly (p « 0.05) from 12.8 + 0.3 g% before 
surgery to 11.7 pm 0.4g% during surgery. 

A significant decrease in Cao, — Cvo, during sur- 
gery compared with baseline values was seen in both 
groups of patients. A considerable decrease in oxygen 
consumption was observed during surgery (3196 and 
3996 in groups I and II, respectively). A slight but 
significant decrease in intrapulmonary shunt was seen 
during surgery in patients who received epidural an- 
algesia. 


After Surgery (Time III) 


Immediately after surgery, all patients who received 
epidural analgesia met the necessary requirements for 
extubation, and the endotracheal tube was removed 
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within 10 minutes after surgery had been completed. 
However, 12 of the 17 patients in group I required 
controlled ventilation for 1 to 6 hours during the 
immediate postoperative period. This respiratory de- 
pression was primarily of central origin: patients were 
sleepy and did not respond to commands well enough 
to have vital capacity considerably higher than tidal 
volume. 

The circulatory function (Tables 1 and 2, III, after 
surgery) showed a tendency to return to baseline 
values in both groups of patients immediately follow- 
ing surgery. CI, LVSW, Cao, — Cvo,, and oxygen 
consumption had reached baseline values in patients 
who received balanced anesthesia, whereas they re- 
mained below baseline values in patients who re- 
ceived epidural analgesia. During this stage, the only 
significant differences between the two groups of 
patients were found in SAP, RPP, and oxygen con- 
sumption: they were significantly lower (p « 0.05) in 
patients who received epidural analgesia. 


Postoperative Pain (Time IV) 


When patients experienced pain during the post- 
operative period, vital capacity was considerably de- 
creased in all patients (by 59% + 3.8% and by 57% + 
4.4% in groups I and II, respectively.) Significant 
increases in heart rate (HR) and CI were observed in 
patients who received balanced anesthesia only. In 
patients who received epidural analgesia, the MAP 
was significantly lower than the baseline value. The 
only significant difference between the two groups in 
any variable during this stage was HR, which was 
higher in group I patients. 


Postoperative Pain Relief (Time V) 


Epidural analgesia was accompanied by complete 
pain relief in all patients, vital capacity reached the 
level of 50% + 3.8% of preoperative values. Intrave- 
nous morphine was associated with variable degrees 
of pain relief, from considerable to almost complete; 
patients did not complain, looked relaxed and com- 
fortable, were sleepy, but responded quickly to com- 
mands, could be easily stimulated, and their vital 
capacity was equaal to 48% + 3.7% of preoperative 
values. 

When postoperative pain was relieved by intrave- 
nous injections of morphine, a slight, and statistically 
insignificant increase (comparing with time V) in 
Cao, — Cvo, and oxygen consumption was observed. 
All other changes were statistically insignificant. 
When values observed at time V were compared 
between the two groups of patients, oxygen consump- 
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tion, HR, SAP, MAP, RPP, and CI were found to be 
significantly higher in patients given morphine than 
in those patients whose pain was relieved by epidural 
analgesia. 

Correlation analysis also revealed a strong positive 
correlation (r — 0.8, p « 0.001) between the values of 
CI and oxygen consumption in both groups of patients 
when they experienced postoperative pain (Figure, 
A). The correlation continued to exist when the pain 
was relieved by epidural analgesia (r = 0.83, p < 
0.001), but disappeared (r = 0.36, p > 0.05) when pain 
was relieved by intravenous injection of morphine 
(Figure, B). 


Discussion 
Surgery 


During surgery, patients in both groups exhibited 
decreases in oxygen consumption (group I, 3196; 
group II 39%), CI (group I, 10%; group II, 14%), 
LVSW, and RVSW. Arteriovenous oxygen content 
differences also decreased (p « 0.05) in both groups 
I and II during surgery. This suggests that both types 
of anesthesia provided similar decreases in oxygen 
requirement which were accompanied by similar de- 
creases in CI. 

The insignificant decrease in arterial oxygen con- 
tent observed in patients who received epidural an- 
algesia during surgery was not related to changes in 
Pao, which was 85 + 5.6 torr in group II and 79 x: 4.8 
torr in group I before surgery and greater than 125 
torr during surgery, in both groups. Apparently, the 
insignificant decrease in oxygen content might be 
related to a decrease in hemoglobin concentration 
from 12.8 + 0.3 g% before surgery to 11.7 + 0.4 g% 
during surgery. The decrease in hemoglobin concen- 
tration may be related to hemodilution following 
infusion of 200 to 300 ml of Ringer's lactated solution 


to compensate for the sympathetic blockade and shift _ 
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of water from interstitial tissue into the blood stream 
which may be observed during vasodilation.” The 
latter corresponds with a significant decrease in SVR 
(by 17% compared with baseline values) observed in 
group II patients during surgery (Table 2, II, surgery). 

Intrapulmonary shunt (i.e., venous admixture) was 
20% + 2.9% at time I and 15% + 2.1% during surgery 
(time II) in patients who received epidural analgesia. 
Sympathomimetic drugs are known to increase intra- 
pulmonary shunt.” ” Effective sympathetic blockade 
created by epidural analgesia probably led to opposite 
changes in pulmonary circulation and to decreased 
intrapulmonary shunt. 

Despite the significant decrease in intrapulmonary 
shunt and SVR in patients in group II, and despite a 
greater percentage decrease in oxygen consumption, 
CI, RPP, and LVSW in group II than in group I (when 
compared with baseline values), there were no signif- 
icant differences in any measurements between the 
two groups of patients during surgery (Tables 1 and 
2, Il, surgery). This indicates that during surgery, light 
general anesthesia combined with thoracic epidural 
analgesia in our morbidly obese patients did not 
provide appreciable advantages over the narcotic-in- 
halation type of anesthesia insofar as cardiovascular 
function was concerned. 


Postoperative Period 


When patients experienced pain postoperatively, 
the circulatory measurements (HR, SAP, CI, LVSW, 
RVSW, RPP) as well as oxygen consumption tended 
to increase in patients in group I more than in patients 
in group II; differences, however, were not statistically 
significant. This may be attributed to the fact that 
since sensory blockade disappears more rapidly than 
sympathetic block, each epidural injection of local 
anesthetic may have acted in conjunction with the 
residual sympathetic effect of the previous injection. 

Postoperative morphine and epidural analgesia led 
to insignificant decreases in many variables. However, 
HR, SAP, MAP, DAP, CI, RPP, and oxygen consump- 
tion were significantly lower in patients given post- 
operative epidural analgesia than in patients given 
morphine (Tables 1 and 2, V, postoperative pain 
relief). This suggests that epidural analgesia was more 
effective than morphine analgesia with regard to pro- 
tection of the cardiovascular system during the post- 
operative period. The correlation between oxygen 
consumption and CI in both groups of patients during 
the postoperative period when pain was experienced 
(Figure, A) confirms, that at this stage, an increase in 
oxygen consumption apparently was accompanied by 


a concomitant increase in cardiac output. The corre- 
lation continued to exist in patients who were given 
epidural injections of bupivacaine for relief of pain, 
but disapppeared in patients who received morphine 
for pain relief (Figure, B). The decreases in oxygen 
consumption and, to some extent, C] in patients given 
epidural analgesia postoperatively may have been 
developing simultaneously, whereas in patients who 
received morphine, oxygen consumption showed a 
tendency to increase without ary concomitant in- 
crease in cardiac output. 

Previous studies" have shown that morphine 
causes dilation of capacitance vessels with venous 
pooling. Our observations revealed that HR and MAP 
remained unchanged after morphine was injected for 
relief of postoperative pain. Possibly, physiologic 
compensation for venous pooling might have oc- 
curred through an increase in sympathetic tone. Other 
data/* * suggest that morphine leads to an increase in 
sympathoadrenal discharge. In addition, morphine 
considerably decreased postoperative pain, but some- 
times did not eliminate it completely so that the 
patient might continue to maintain a relatively high 
nociceptively induced sympathoadrenal activity, lead- 
ing to an increase in oxygen consumption. 

The unchanged actual bicarbonate concentration in 
both groups suggests satisfactory tissue oxygen sup- 
ply in group I, in which cardiac output and calculated 
oxygen consumption were not changed significantly, 
as well as in group II, in which a decrease in calculated 
oxygen consumption was observed. The slight, but 
significant, increase in mixed venous oxygen content 
in the patients who received postoperative epidural 
analgesia reinforces the concept of adequate oxygen 


delivery in this group of patients. 


Clinical Considerations 


Light levels of general anesthetic during operation, 
early extubation, and excellent postoperative pain 
relief with resultant relatively high physical activity 
in the immediate postoperative period appear to be 
the main advantages of thoracic epidural analgesia in 
morbidly obese patients. However morphine titrated 
intravenously provided satisfactory postoperative 


: pain relief with adequate gas exchange and the same 


degree of vital capacity restoration as was observed 
with epidural analgesia. 

The presented data suggest some advantages of 
continuous epidural analgesia in terms of cardiovas- 
cular function postoperatively. A decrease in cardiac 
output, LV5W, and RPP, together with no changes in 
arterial blood gas tensions and actual bicarbonate, 
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and a decreased arteriovenous oxygen content differ- 


ence observed during continuous epidural analgesia 
might mean a decrease in total oxygen requirement 
that would benefit the cardiovascular function. How- 
ever, these advantages are probably slight and have 
not influenced morbidity and mortality in our patients 
(no serious complications were observed in either 
group)? Thus, the question whether the advantages 
of thoracic epidural anesthesia are significant enough 
to advocate routine use of thoracic epidural anesthesia 
in morbidly obese patients undergoing abdominal 
surgery is not yet answered. 
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FLACKE, J. W., FLACKE, W. E., AND CANT, J. W.: Reflex responses to sodium nitroprusside and their control by 
cryptenamine. Anesth Analg 59:909-916, 1980. 


In chloralose-anesthetized dogs the hypotensive and reflex cardiovascular responses to infusions of sodium nitro- 
prusside were studied before and during halothane and enflurane, and before and after divided doses of cryptenamine. 
The latter drug, a mixture of hypotensive veratrum alkaloids, lowers blood pressure reflexly by acting on afferent 
receptors (baroreceptors). Control infusions of nitroprusside, which caused 10% to 15% decreases in mean arterial 
blood pressure, markedly increased heart rate, myocardial contractility, cardiac output, rate-pressure product, and 
left ventricular minute work in spite of decreases in peripheral vascular resistance. Except for increases in contractility, 
these reflexly mediated effects were not blocked by the addition of 1% halothane or 2% enflurane. Cryptenamine, on 
the other hand, potentiated nitroprusside-induced hypotension, markedly diminished increases in heart rate, and 
eliminated increases in myocardial contractility, rate-pressure product, and left ventricular work. Measurements of 
cardiovascular function returned promptly to preinfusion values when the nitroprusside was stopped. We conclude 
that under conditions when a high degree of central vasomotor tone is present, homeostatic reflaxes may counteract 
the direct vasodilator effect of nitroprusside, resulting in the need for a greater dose of nitroprusside and obviating the 
expected beneficial effects on myocardial oxygen supply/demand ratio. Combining cryptenamine with nitroprusside 
eliminates these problems and at the same time allows retention of the evanescent action of nitroprusside. 


Key Words: ANESTHETIC TECHNIQUES: hypotensive; PHARMACOLOGY: sodium nitroprusside, veratrum alkaloids, 


cryptenamine. 





MAJOR goal of the administration of sodium 

nitroprusside for control of blood pressure dur- 
ing the perioperative period is to improve the oxygen 
supply/demand ratio of the myocardium. The “un- 
loading” of the heart, resulting from decrease in sys- 
temic vascular resistance and thus in arterial pressure 
(afterload) and in venous return (preload), reduces 
ventricular volumes and impedance to ejection and 
decreases cardiac work and thus myocardial meta- 
bolic demand. "^? However, in the presence of a func- 
tioning homeostatic baroreceptor system, the de- 
creased arterial pressure must be expected to elicit 
reflex responses: tachycardia and increased contractile 
force, which will increase cardiac oxygen consump- 
tion? and thus counteract the above oxygen sparing 
effect at a time when the decreased aortic pressure 
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operates to reduce supply.” ? ° Hence, the beneficial 
cardiac effect of blood pressure lowering by nitro- 
prusside depends upon the relative magnitude of 
opposing changes: decreased cardiac load on one 
hand and increased cardiac rate and contractility on 
the other. In addition to the cardiac effects, the pe- 
ripheral circulatory effects of a reflex increase in 
sympathetic outflow tend to counteract the nitroprus- 
side-induced vasodilation, thus necessitating larger 
doses of the drug. Such acute progressive tolerance to 
nitroprusside has been reported repeatedly. ''^ 

The literature provides conflicting information 
about the incidence and/or nature of these critically 
important reflex changes. Some observers have, on 
the basis of both clinical and animal experiments, 
found little or no evidence of such reflex activ- 
ity” 19 € while others do report it.^99 1779 Little 
seems known about the factors that influence the 
occurrence and magnitude of reflex changes, beyond 
the observation of an inverse relationship with age?! 
and their absence in severe heart failure." ^ !5 Little is 
known also about the influence of anesthesia and of 
particular anesthetic agents. 

We have, therefore, studied the hemodynamic re- 
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flex changes during nitroprusside-induced hypoten- 
sion using chloralose as baseline anesthetic. Nitro- 
prusside is used by anesthesiologists both during and 
after anesthesia. Thus, both conditions are of interest. 
Chloralose is reported to preserve reflex activity well, 
and Van Critters et al” have found hemodynamic 
conditions during chloralose anesthesia to be much 
closer to those in the awake state than were conditions 
during pentobarbital anesthesia. 

As veratrum alkaloids have long been known to 
reduce blood pressure without activating homeostatic 
compensatory reflexes,” we studied their effect in 
suppressing the reflex responses to nitroprusside 
when the two drugs were used in combination. Ver- 
atrum alkaloids block the reflex response to carotid 
occlusion in doses lower than those required to pro- 
duce bradycardia and hypotension.? Hence it seemed 
probable that they would reduce nitroprusside-in- 
duced reflex increases in cardiac rate and contractility. 
Cryptenamine, a mixture of alkaloids from Veratrum 
viride, is at present the only veratrum alkaloid prep- 
aration available commercially. However, cryptena- 
mine given alone in hypotensive doses has a long 
duration of action and may cause nausea and vomiting 
in unanesthetized or lightly anesthetized patients." 
The combination of nitroprusside and cryptenamine 
might be expected to require a lower dose (and thus 
produce fewer toxic side effects) of both drugs and to 
retain the rapid time course of the nitroprusside. 


Methods 


Dogs unselected as to sex or breed were premedi- 
cated with morphine sulfate (1 mg/kg subcutane- 
ously) and anesthetized 30 minutes later with intra- 
venous chloralose (80 mg/kg in propylene glycol). 
The trachea was intubated, and the dogs were venti- 
lated to maintain normal arterial Pco,. The femoral 
vessels were cannulated, the vein for injections/infu- 
sions and the artery for monitoring of arterial pres- 
sure, with a Statham transducer. Left ventricular pres- 
sure was monitored, first through a large bore catheter 
introduced through a stab wound in the apex, and 
later through a catheter tip transducer (Millar Instru- 
ments, model PC 370) introduced from the left carotid 
artery. In 13 animals a triple-lumen, balloon-tipped 
catheter (Edwards Laboratories #7 French) was flow- 
directed into the pulmonary artery from the right 
external jugular vein. Cardiac output was determined 
at intervals by the thermodilution method with the 
aid of an output computer (Edwards Laboratories, 
model 9520A). Arterial pressure, left ventricular pres- 
sure, pulmonary arterial pressure, wedge pressure, 
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and ECG were amplified and recorded on a direct- 
writing. recorder (Hewlett-Packard, series 7758B). . 
Body temperature was measured in the esophagus or 
in the pulmonary artery and was maintained between 
37 and 39 C by means of a heating pad. 

Twenty-two dogs were given a total of 68 infusions 
of sodium nitroprusside (SNP solution was made up 
by the UCLA pharmacy in a 20 mg/ml solution, kept 
in dark bottles in the icebox, and diluted appropri- 
ately immediately prior to use.) at a rate required to 
lower the arterial pressure by 10% to 15%. After these 
control responses, one group of 10 dogs was ventilated 
with 1% halothane for 24.1 + 2.5 (mean + SEM) 
minutes before the nitroprusside infusion was re- 
peated. Another group of seven dogs was ventilated 
similarly with 2% enflurane for 20.0 + 2.1 (mean + 
SEM) minutes before the infusion was repeated. Dur- 
ing the control infusion of nitroprusside, a third group 
of seven dogs was given cryptenamine (Unitensin, 
Mallinkrodt) in divided intravenous doses while the 
nitroprusside infusion was continued. Some dogs 
were used in more than one group after complete 
recovery from the previous procedure. 

Data were collected and tabulated as follows: Prein- 
fusion values were obtained during a period of stable 
conditions of at least 15 minutes. Values for the 
nitroprusside infusion runs were those attained at the 
end of an infusion period and represented stable 
conditions. Measurements included mean arterial 
pressure (AP) integrated electrically, heart rate (HR), 
maximal increase in left intraventricular pressure (dP/ 
dt), left ventricular end-diastolic pressure (LVEDP), 
and cardiac output (CO) by thermodilution. (Each CO 
value represented the mean of three successive deter- 
minations.) Calculated values included systemic vas- 
cular resistance (SVR = AP X 80/CO), rate-pressure 
product (RPP = systolic pressure X HR), and left 
ventricular minute work (LVW) (LVW = [(AP — 
LVEDD) x CO X 1.36]/100. Means and standard 
errors of the mean are given in the text; Student's t- 
test for paired values was used to determine statistical 
significance. Differences were considered statistically 
significant when the p value was less than 0.05. 


Resuits 


Control Nitroprusside Infusions 


Hemodynamic changes in response to the control 
infusions of sodium nitroprusside alone are shown in 
Fig 1 as percent changes from the preinfusion or “0” 
values, which are given in Table 1 in absolute units. 
Although AP decreased only 13%, HR increased 78%, 
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Fig 1. Changes in hemodynamic variables caused by nitro- 
prusside infusion. Abbreviations as defined in text; max A — 
maximal change. 


TABLE 1 
Hemodynamic Values Prior to Infusion of SNP* 

Parameter Value n 
AP 140 + 2.1 torr 68 
HR 121 + 2.1 beats/min 58 
dP/dt 3,298 + 156 torr/sec 67 
RPP 17,459 + 606 beats/min torr 58 
CO 2.0 + 0.1 L/min 35 
LVEDP 2.1 + 0.5 torr l 42 
SVR 5,704 + 413 dyne.sec.cm^? 35 
LVW 3.9 + 0.3 kg-m/min 35 





* Values are means + SEM; n = number of observations. 


dP/dt 58% [As both LVEDP (“preload”) and AP 
(“afterload”) decreased while dP/dt increased, it was 
not necessary to manipulate the dP/dt values to cor- 
rect for these parameters.], RPP 54%, CO 46%, and 
LVW 36%. SVR decreased 33%, and LVEDP decreased 
3.6 torr. (The preinfusion values for LVEDP were 
both above and below zero; thus, changes in LVEDP 
are reported in absolute units.) All changes from 
preinfusion values were highly significant (p < 0.001). 
Doses of nitroprusside required to bring about these 
decreases in blood pressure and the resulting reflex 
responses varied from animal to animal; the mean 


dose was 23.9 + 2.4 ug/kg/min. The mean duration 
of the infusions was 7.7 + 0.7 minutes. 


Nitroprusside Infusions before and during 1% 
Halothane 


Fig 2 shows a plot of the time course of a single 
experiment in which 10 ug/kg/min of nitroprusside 
was infused before and during halothane and/or en- 
flurane. Except for dP/dt, halothane did not block the 
reflex responses. Results for all paired infusions with 
and without halothane are depicted in Fig 3. This 
shows the absolute changes caused by nitroprusside 
infusion during the control period and during 1% 
halothane administration. The nitroprusside-induced 
changes in dP/dt, RPP, and AP were diminished 
significantly by halothane. Halo:hane did not dimin- 
ish the increase in HR brought about by nitroprusside 


dP/dt 
(torr/sec) 


LVEDP 
{torr} 


HR 
(bpm) 


CO 
(1/min) 





AP 
(torr) 





! it HS e A p 23 

hot ^7 ^ HALOT NF =, 

menines 5 DNE HALO HANE E F LURANE ; 
CONCENTRATION s 


ANESTHETIC, % 


SNP INFUSION 
{10 ug /kg/min) 


-—— T 
ricas oe p 

"e x " 
T es t 
-" 

° "y 
A MS T us 


Ü 
H:00 12:00 LOO 2:00 
TIME 
Fia 2. Plot of a single experiment showing hemodynamic re- 


sponses to nitroprusside infusion with and without halothane 
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Fig 3. Means (+ SEM) of absolute changes during nitroprus- 
side infusion before (bars with diagonal lines) and during (stip- 
pled bars) 196 halothane. Left ventricular minute work (LVW) 
(not shown) increased 0.74 + 0.14 kg. m/min during the control 
infusion, and increased 0.25 + 0.13 kg-m/min during the 
infusion with halothane. The difference between these increases 
was not significant. 
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infusion nor did it alter the changes in other param- 
eters. 

After the addition of halothane, prenitroprusside- 
infusion values of blood pressure and contractility 
were depressed significantly (p < 0.001 and p < 0.05, 
respectively). However, the other baseline values were 
not changed by halothane alone. Because of the lower 
preinfusion blood pressure, the percent decrease dur- 
ing nitroprusside infusion was relatively greater dur- 
ing halothane, now attaining significance at the 0.196 
level (p « 0.001). 


Nitroprusside Infusions before and during 2% 
Enflurane 


A sample experiment is shown in Fig 2 and the 
mean results of all experiments in Fig 4. In general, 
the changes are similar but not identical with those 
seen with halothane; that is, enflurane slightly poten- 
tiated the decrease in blood pressure during nitro- 
prusside infusion, diminished the increase in contrac- 
tility and RPP, but not the increase in HR, and had 
insignificant effects upon other changes. Again, prein- 
fusion blood pressure (p « 0.05) and contractility (p 
< 0.025) were depressed by the addition of enflurane, 
but not the HR or other parameters. 

Control infusions in Figs 3 and 4 refer only to the 
control infusions in the respective experimental 
groups; that is, each control infusion is paired with an 
infusion of the same dose of nitroprusside after the 
addizion of the inhalation anesthetic. 


Addition of Cryptenamine during Nitroprusside 
Infusion 


These results are shown in Figs 5 and 6 and Table 
2. Fig 5 (black bar) illustrates the time course of a 
single infusion of 50 ug/kg/min (for 25 minutes) of 
nitroprusside and the changes resulting from addition 
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Fia 4. Means (+ SEM) of absolute changes during nitroprus- 
side infusion with and without 2% enflurane. Bars as in Fig 3. 
LVW increased 1.1 + 0.26 kg-m/min during control infusion, 
and during the infusion with 2% enflurane the increase was 0.57 
+ 0.2 kg-m/min, significantly less than the control increase (p 
« 0.02). 
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Fig 5. Plot of a single experiment showing hemodynamic re- 
sponses to nitroprusside infusion before and after the addition 
of cryptenamine. Abscissa: clock time. Ordinates: as labeled. 
See text for changes in calculated parameters. 
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Fig 6. Effect of cryptenamine during nitroprusside infusion. 
Absolute mean + SEM values for 11 infusions in seven dogs; p 
values refer to the difference from the preceding set of values 
for the two middle sets of data and to the prenitroprusside 
control value for the last set. LVW (not shown) was as follows: 
before nitroprusside 3.96 + 0.44 kg. m/min; before cryptena- 
mine 5.59 + 0.26 (p < 0.005); and after cryptenamine 3.37 + 
0.31 (p < 0.001). 
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TABLE 2 
Cryptenamine* 


% change from control by 








Parameter n Preinfusion (contro! values) ps 
SNP alone SNP + cryptenaminet 

AP 11 150 x 6.6 torr —~13 +3 —41 44 <0.001 
HR 11 88 + 8.5 beats/min +107 +17 +36 +16 <0.005 
RPP 11 18,375 + 1,615 torr- beats/min +66 + 15 —21 + 10 «0.001 
dP/dt 10 3,310 4 383 torr/sec +42 +8 cd ET <0.001 
CO 10 1.9 + 0.2 L/min +73 4 16 +50 t 19 NS 
SVR 10 6,717 + 684 dyne-sec.om ? . ~4247 —-53 +5 NS 
LVEDP 7 2.4 + 1.3 torr —5.1 + f.2torr| — —4.9 + 1.0 tart] NS 
LVW 10 4.0 + 0.4 kg-m/min +58 +17 —7 +11 <0.001 

* Values are means + SEM. 

t Dose of nitroprusside (SNP): 31.2 + 4.2 ug/kg/min. 

i Total dose of cryptenamine: 4.9 + 0.9 ug/kg. 

8 p values for SNP vs SNP + cryptenamine. 

| Absolute change. 
of 5.5 ug/kg of cryptenamine given in divided doses. Discussion 


During the 12 minutes of nitroprusside infusion prior 
to cryptenamine, AP decreased only 1196, while HR 
increased 20996, CO increased 15396, dP/dt rose 5096, 
and LVEDP decreased 6 torr. SVR decreased 58%, 
RPP increased 177%, and LVW increased 138%. Cryp- 
tenamine given in five divided doses (Fig 5, arrows), 
caused marked changes. Blood pressure decreased 
36% for an overall decrease of 41% from preinfusion 
values. HR decreased 34%, thus decreasing the overall 
increase from preinfusion value from 209% to 91%. In 
similar fashion dP/dt decreased 30% (overall increase 
down from 50% to 6%), and RPP decreased 43% 
(overall increase down from 177% to 58%). CO was 
decreased only 13% by the addition of cryptenamine 
(overall increase down from 153% to 106%). Mean 
changes in hemodynamic measurements caused by 
the addition of cryptenamine during nitroprusside for 
all 11 infusions (in seven dogs) are listed in Table 2 
as percent change from control preinfusion values. In 
Fig 6 are the absolute values before infusion, during 
infusion before and after cryptenamine, and 5 minutes 
after stopping the nitroprusside. Cryptenamine sig- 
nificantly potentiated the decrease in blood pressure 
associated with infusion of nitroprusside, significantly 
diminished the reflex increases in HR, contractility, 
RPP, and LVW (Fig 6, legend), and caused no further 
significant change in CO, LVEDP, or SVR. Upon 
cessation of the nitroprusside infusion, hemodynamic 
measurements returned promptly to preinfusion 
baselines, so that 5 minutes later AP was 85% of 
control values, and HR and contractility were not 
significantly different from control values. Because 
CO and LVEDP were not measured at this time, SVR 
and LVW could not be calculated. 


Under the conditions used in these experiments 
there were marked reflex responses to the relatively 
small decrease in arterial blood pressure caused by 
the infusion of sodium nitroprusside. Only the cardiac 
responses (rate and contractility) were apparent, as 
the reflex changes in vasomotor tone, that must have 
occurred in parallel, were masked by the direct vaso- 
dilator effects of nitroprusside. The resulting net ef- 
fect was a decrease in peripheral vascular resistance 
and an increase in venous return and CO resulting 
from the combination of increased rate and contrac- 
tility and changes in capacitance. The increased RPP 
indicates a worsened ratio between cardiac oxygen 
supply and demand. . 

The simultaneous operation of these opposing 
forces may vary from situation to situation and from 
case to case; hence it is not surprising that the he- 
modynamic changes during nitroprusside infusion 
that have been reported in the literature differ greatly. 
The most variable factor is likely to be the magnitude 
of the reflex component, and the most easily quanti- 
fied and most often reported indicator of this is HR, 
which is also likely to be the most important factor.” 

Page and co-workers” stated that there was little 
change in HR during nitroprusside infusion in dogs 
under pentobarbital anesthesia. Saito et al” who also 
used pentobarbital, reported that nitroprusside caused 
a small decrease in HR. However, the dogs studied 
under pentobarbital anesthesia by Vance et al?? sus- 
tained marked tachycardia when given nitroprusside. 
In chloralose-anesthetized dogs. Ross and Cole” re- 
ported large increases in HR in six of 10 animals. 
Adams and co-workers? found in dogs under light 


913 


ANESTHESIA AND ANALGESIA 
Vol 59, No 12, December 1980 


INDUCED HYPOTENSION 


halothane-nitrous oxide anesthesia that nitroprusside 
caused a marked tachycardia which was reduced but 
not abolished by doubling the halothane concentra- 
tion from 0.6% to 1.2%. The largest nitroprusside- 
induced increase in HR (+128%) was reported by 
Hess et al, who used only 50% nitrous oxide in 
paralyzed dogs after pretreatment with a narcotic 
analgesic. Finally, in chronically instrumented awake 
dogs, Pagani et al? found a doubling of HR in re- 
sponse to nitroprusside. 

Thus, the most frequent result in animal observa- 
tions has been a marked cardiac reflex response to 
nitroprusside-induced lowering of arterial pressure, 
without anesthesia and with anesthesia with different 
agents. Our results during chloralose anesthesia re- 
semble most closely those by Pagani et al? in awake 
dogs. Whereas it is frequently stated that chloralose 
anesthesia may exaggerate reflexes,*” ?! Vatner?? em- 
phasized the profound hemodynamic changes pro- 
duced by pentobarbital. Our findings fit well with the 
conclusion of Van Critters et al? who concluded that 
chloralose anesthesia produces hemodynamic condi- 
tions resembling more closely those in the unanesthe- 

‘tized animal than does pentobarbital anesthesia. 

More important, of course, is the question as to 
what changes may occur in awake and anesthetized 
patients during infusion of nitroprusside. Schlant et 
al? reported some tachycardia in the majority of their 
unanesthetized patients, both normotensive and hy- 
pertensive, but a decrease in HR occurred in a signif- 
icant number of observations. In unanesthetized pa- 
tients who had suffered a myocardial infarction, Fran- 
ciosa et al** saw a significant increase in HR associated 
with infusion of nitroprusside in only three of 15 
subjects. Chatterjee et al! recognized that no reflex 
increase in HR in response to nitroprusside occurred 
in patients in whom ventricular function was de- 
pressed. This observation has been confirmed by 
Guiha et al,” who found that HR was slightly but 
significantly slowed by nitroprusside in their unan- 
esthetized patients in heart failure. This positive cor- 
relation of nitroprusside-induced tachycardia with 
ventricular function has been confirmed by Lappas et 
al'® and by Cohn et al? who concluded that changes 
in HR after vasodilation are "closely linked to reflex 
sympathetic stimulation as reflected in plasma cate- 
cholamines.'?? Recently, Packer et al?” showed that 
‘the rebound cardiovascular changes that followed 
discontinuation of nitroprusside infusion in unanes- 
thetized patients are the most sensitive indicator of 
reflex activation. They found excellent correlation 
between HR changes during nitroprusside infusion 
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and the magnitude of postinfusion rebound increases 
in SVR. Their conclusion was that baroreceptor reflex 
activity during hypotension induced by a peripheral 
vasodilator in patients with severe congestive heart 
failure is preserved to a variable degree from patient 
to patient, and that increases in HR during nitroprus- 
side-induced hypotension is a good indicator of this 
preservation. 

What about patients during anesthesia? Taylor et 
al'? observed a tachycardia from nitroprusside in 57 
of 83 patients anesthetized with halothane in oxygen. 
Of these patients, 22 showed an increase of >30 beats 
per minute and five had an increase of >50 beats per 
minute. During halothane-nitrous oxide anesthesia, 
Wildsmith et al? found a small but distinct increase 
in rate in patients to whom nitroprusside was admin- 
istered. Styles et al’’ studied five patients while they 
were awake and during anesthesia (70% nitrous oxide 
after thiopental induction). They found no changes in 
HR during nitroprusside infusion while the patients 
were awake, but a clear increase from nitroprusside 
after anesthesia had been induced. (It may be signif- 
icant that the nitroprusside infusion during anesthesia 
was given after skin incision, with its possible stim- 
ulating effect on sympathetic tone and serum cate- 
cholamines.) In patients anesthetized with various 
agents, Cole"! observed a good correlation between 
HR increase during nitroprusside infusion and age. 
Moreover, he reported a similar correlation between 
the degree of reflex tachycardia and the dose of 
nitroprusside required to maintain a similar degree of 
hypotension. Younger patients required much more 
of the drug, thus identifying them as the group more 
likely to suffer nitroprusside overdosage and develop 
cyanide toxicity.” 

It is clear, then, that a baroreceptor-mediated reflex 
response to the lowering of arterial pressure by nitro- 
prusside is a frequent but not invariable occurrence 
both in laboratory animals and in man, and both in 
the presence and absence of anesthesia. Several ob- 
servers have demonstrated that increases in plasma 
catecholamines and in plasma renin activity are a part 
of this reflex syndrome.!*^ ?9 39**! In our experiments, 
the reflex responses that were present during chlora- 
lose anesthesia were not abolished by halothane or 
enflurane (Figs 2 to 4). The only effect of these 
anesthetics was seen in responses that reflect their 
direct depressant action on the myocardium. We do 
not wish to draw the conclusion that the inhalational 
anesthetic agents are incapable of suppressing reflex 
manifestations during induced hypotension. Rather, 
we want to point out that they did not do this when 
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used in clinical concentrations and under conditions 
when the reflex responses to nitroprusside were al- 
ready brisk prior to administration of the anesthetics. 
This observation is supported by the clinical litera- 
ture ? 13 18 

What determines the magnitude of the reflex re- 
sponse during induced hypotension is not the type 
and depth of anesthesia alone, but the condition of 
the central baroreceptor homeostatic system. This 
condition is likely to be influenced by many factors, 
among which anesthesia is only one. We have ob- 
served in the operating room as well as in the labo- 
ratory that nociceptive stimulation often provokes a 
reflex cardiovascular response or increases the mag- 
nitude of cardiovascular responses to other stimuli. 

The effector mechanisms, which mediate homeo- 
static reflexes, are mainly sympathetic. Hence it is 
possible to attenuate or block increases in cardiac rate 
and contractility by means of beta-adrenergic antag- 
onists such as propranolol.?^ ** ** However, the ad- 
ministration of propranolol will leave intact the alpha- 
adrenergic components of the reflexly increased sym- 
pathetic tone; that is, the tendency to vasoconstriction 
in the peripheral vascular areas as well as in the 
coronary arterial bed. Another possible disadvantage 
of propranolol under these circumstances is that its 
beta blocking effect may outlast the desired duration 
of the nitroprusside-induced hypotension, thus leav- 
ing a still-compromised myocardium to deal with the 
increased afterload caused by postinfusion rebound 
increases in peripheral vascular resistance." In this 
regard, work from our laboratory has shown that 
blood levels of propranolol that are inadequate to 
block responses to high degrees of cardiac sympa- 
thetic nervous activity, as would be seen during in- 
fusion of nitroprusside, will still block the cardiac 
responses to lesser degrees of sympathetic activity, 
such as would be seen after cessation of infusion.” 
For this reason, we have experimented with another 
means of affecting autonomic responses and inducing 
hypotension, i.e., a drug known to reduce central 
sympathetic tone by its action on afferent sensory 
receptors. 

Veratrum alkaloids have long been known to do 
this,? but two factors have militated against their use: 
their emetic activity in effective hypotensive doses 
and their long duration of action. The emetic effect is 
of little importance during anesthesia, but would be 
undesirable in patients who are awake. The prolonged 
effect often may be undesirable. For this reason we 
have combined the cryptenamine with nitroprusside 
and have found that the dose of cryptenamine re- 


quired to abolish the reflex response to nitroprusside 
is lower than the dose needed to induce hypotension. 
It has long been noted that veratrum alkaloids block 
the carotid sinus occlusion response in doses that do 
not suffice to produce hypotension. ** ^? 

In summary, we have shown that moderate hypo- 
tension produced by infusion of sodium nitroprusside 
in dogs anesthetized with chloralose resulted in a 
marked increase in the indices of myocardial oxygen 
demand: HR, myocardial contractility, CO, RPP, and 
LVW. Except for the increase in contractility, these 
reflexly mediated responses to nitroprusside infusion 
were not significantly decreased by addition of halo- 
thane or enflurane. 

However, the judicious combination of nitroprus- 
side and cryptenamine significantly increased the hy-' 
potensive response (compared to nitroprusside alone) 
while attenuating the indices of myocardial oxygen 
demand. The doses of cryptenamine required were 
lower than if it had been used alone, as shown by the 
fact that the blood pressure recovery after discontin- 
uation of the nitroprusside infusion was as rapid after 
adding cryptenamine as after nitroprusside alone. On 
the other hand, although we did not demonstrate this 
in this study, the increased hypotension coupled with 
the attenuation of the reflex responses by cryptena- 
mine should make it possible to reduce the dose of 
nitroprusside required to attain a given level of hy- 
potension, and hence to diminish the incidence of 
toxic effects of this drug. Thus, nitroprusside and 
cryptenamine are a rational drug combination, bring- 
ing about additive desired effects (hypotension with 
less deleterious reflex responses) and reduced unde- 
sirable or toxic effects, which have been reported with 
each drug used alone. 
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Hypokalemia Associated with Terbutaline 
Administration in Obstetrical Patients 
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Chance observation of hypokalemia in a patient given intravenous terbutaline for management of premature labor led 
us to review retrospectively the medical records of all patients in whom terbutaline was similarly used as a tocolytic 
agent. All 18 patients in whom serum electrolyte levels were determined during terbutaline infusion had serum 
potassium levels less than 3.5 mEq/L. Although the duration of hypokalemia following the cessation of terbutaline 
infusion could not be retrospectively determined, collateral evidence suggests that serum potassium fevels may return 
to normal range within approximately 30 minutes following discontinuation of the infusion of terbutaline. Serum levels 
of potassium during infusion of terbutaline could not be correlated in our 18 patients with either duration of infusion or 
amount of terbutaline infused, or with the amount of intravenous potassium that may have been simultaneously 
administered. Anesthesiologists should be aware that hypokalemia is associated with intravenous infusion of terbutaline 
as a tocolytic agent in the management of premature labor. 


Key Words: ANESTHESIA, Obstetric; IONS: potassium; PHARMACOLOGY: terbutaline. 


PROXIMATELY 75% of all perinatal deaths are 
associated with premature delivery.’ Many to- 
colytic agents have been used to attenuate premature 
labor, delay delivery, and thereby reduce perinatal 
morbidity and mortality. A more recent pharmaco- 
logic approach that has proven effective utilizes betaz- 
adrenergic agonists to suppress premature labor.” 
Terbutaline (Brethine) and isoxsuprine (Vasodilan) 
are the only selective betag-agonists approved for 
clinical use in the United states, and their use as 


tocolytic agents is still under investigation. The ad- . 


vantage of these drugs as a temporizing measure in 
the treatment of fetal distress lies in their ability to 
prevent deterioration in, and even to improve the 
condition of, the fetus before delivery by diminishing 
uterine contractions and thereby improving uteropla- 
cental bloodflow.* * However, the full ramifications 
of the effects and complications involved with the use 
of these agents have not been reported. 

One metabolic alteration resulting from the use of 
betas-adrenergic agonists that has not been reported 
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is a decrease in serum potassium. This particular 
effect came to our attention with the following case 
and prompted our review of the literature on this 
subject. 


Case Report 


A 31-year-old, A.S.A. class I, white woman with a twin 
pregnancy of 32 weeks gestation was transferred to our 
hospital in premature labor. Her past medical history and 
review of systems were unremarkable. She was receiving 
no medications other than terbutaline, 23 g/min IV. She 
was scheduled for a cesarean section when the attempt to 
arrest her premature labor with intravenous terbutaline was 
unsuccessful. All laboratory data, including serum electro- 
lytes, measured during the infusion of terbutaline, were 
within normal limits except for a serum potassium of 2.4 
mEq/L (normal 3.5 to 4.5 mEq/L) and a CO; content of 10 
mEq/L (normal 24 to 32 mEq/L). The patient's clinical 
history offered no explanation for this low level of serum 
potassium. Before surgery, 40 mEq of KCI was given intra- 
venously and the terbutaline infusion was discontinued. A 
second measurement of serum potassium levels, shortly 
thereafter, showed a value of 3.2 mEq/L. Anesthesia was 
then induced with O2-thiopental-N2O-meperidine without 
complications. Her anesthetic and postoperative course 
were uneventful. 


Results 


Prompted by the unexplained hypokalemia ob- 
served in this reported case, a retrospective chart 
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TABLE 1 


Serum Potassium Values in 18 Patients Receiving Terbutaline 











Supplemental KCI 


Patient no. Age Terbutaline dosage rücendd^ d ur Type of anesthetic 
mEq/L 

1 23 23 ug/min 60 mEq 3.4 General 
2 18 2.6mg q 4 hr None 3.4 General 
3 19 10 pg/min 20 mEq 3.4 Pudendal 
4 18 10 ug/min None 3.4 General 
5 18 10 ug/min 40 mEq 3.2 Pudendal 
6 17 5 ug/min None 3.2 Pudendal 
7 23 10 ug/min None 3.2 General 
8 28 13 ug/min None 3.2 General 
9 29 15 ug/min None 3.1 None 

10 17 10 ug/min 20 mEq 3.0 Epidural 

11 20 15 ug/min 40 mEq 3.0 Epidural 

12 26 250 ug bolus None 2.9 Epidural 

13 21 20 ug/min None 2.8 Pudendal 

14 19 6 ug/min None 2.5 Pudendal 

15 31 23 ug/min None 2.4 General 

16 26 13 ug/min None 2.4 None 

17 18 10 ug/min None 2.4 General 

18 18 20 ug/min 30 mEq 2.3 Epidural 

* KCI supplement was received before K* determination. 
review of other obstetrical patients receiving terbuta- TABLE 2 


line was undertaken. From June 1979 to January 1980 
there were 64 obstetrical patients in our institution 
who received terbutaline for suppression of prema- 
ture labor. Serum electrolytes during the infusion of 
terbutaline were available in 18 of the 64 patients. All 
18 patients had potassium values less than 3.5 mEq/ 
L. This group included A.S.A. class I patients between 
the ages of 17 and 31 years, none of whom were 
taking other medications. 

Table 1 gives the terbutaline dosage used for each 
patient, the amounts of KCl given, and serum potas- 
sium values. Seven of the 18 patients had preterbu- 
taline serum electrolyte measurements. The data in 
Table 2 confirmed our suspicions that the hypokale- 
mia was directly related to the intravenous terbutaline 
administration. The serum potassium values deter- 
mined after commencing the intravenous terbutaline 
infusion were significantly lower than preinfusion 
values (p « 0.01 using the paired Student's t-test). 

The usual terbutaline infusion rate required to ar- 
rest uterine activity ranges from 10 to 20 ug/min to 
80 ug/min.? There appears to be no correlation be- 
tween the dosage of intravenous terbutaline admin- 
istered and the level of serum potassium. Information 
in Table 1 reveals that patients receiving the same 
terbutaline dosage exhibited widely different serum 
potassium values (e.g., patient 4 vs 17 and patient 8 
vs 16). Neither did the decrease in serum potassium 
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Serum Potassium Values before and during Intravenous 
Terbutaline 


2 Preterbuta- Suppiemen-  Postterbuta- 
Patient no. iiec line serum tal KCI line serum 
K* received* K* 
g/min mEq/L mEq/L 
1 25 3.5 60 mEq 3.4 
5 10 3.6 40 mEq 3.2 
7 10 4.0 None 3.2 
9 15 d None 3.1 
10 10 3.5 20 mEq 3.0 
11 15 3.5 40 mEq 3.0 
16 13 3.5 None 2.4 


* KCI supplement was received before K* determination. 


correlate with terbutaline on a microgram per kilo- 
gram basis. 

Several of the patients received intravenous KCI as 
treatment for abnormally low potassium values, but 
changes in levels of serum potassium did not correlate 
with either administration of KCl or the amount of 
KCI given. Data in Table 1 show that some patients 
received the same terbutaline dosage and had similar 
potassium values although they received varied 
amounts of intravenous KCl (patient 13 vs 18 and 
patient 4 vs 9). 

Our retrospective study did not permit evaluation 
of the duration of hypokalemia following cessation of 
terbutaline infusion. 


a 


MORAVEC AND HURLBERT 


Discussion 


There appears to be no particular correlation be- 
tween duration of intravenous terbutaline administra- 
tion or the dosage administered, and the decrease in 
serum potassium. There is likewise no consistent 
decrease in serum potassium following the adminis- 
tration of oral beta-agonists.? Studies’ using infusions 
of salbutamol, a similar beta-adrenergic agonist, have 
shown that the maximum decrease in potassium usu- 
ally occurs within 2 hours of the onset of infusion. 
After the infusion is stopped, the serum potassium 
returns to the preinfusion level, usually within 30 
minutes.^? [t has been shown that with oral salbuta- 
mol administration, the serum potassium concentra- 
tions returned to pretreatment levels after 48 hours.? 

In an effort to discover an etiology for the unex- 
plained hypokalemia in our patients, a review of the 
literature on terbutaline and other similar beta-ago- 
nists was undertaken. The mechanism by which ter- 
butaline lowers serum potassium is unknown, but 
several hypothetical mechanisms were revealed 
through our literature search. Beta-adrenergic ago- 
nists, when infused into healthy subjects, may cause 
a pronounced decrease in serum potassium associated 
with increases in plasma concentrations of glucose 
and insulin? Terbutaline, like other beta-adrenergic 
agents, probably stimulates both glycolysis and in- 
sulin release, resulting in a shift of potassium from 
the extracellular to the intracellular space.® 

It is generally believed that beta-adrenergic agonists 
influence metabolism by increasing cAMP in cells of 
various types. One such effect is activation of glyco- 
genolysis, which leads to the release of glucose from 
the liver and pyruvate and lactate from muscle. The 
liver removes both pyruvate and lactate from the 
blood and converts these products to glucose by 
gluconeogenesis. The process is enhanced by beta- 
agonists and by the presence of increased levels of 
cAMP.” The increased glucose level in blood is ac- 
companied by a rise in plasma insulin concentration. 
Insulin production is stimulated both directly through 
the influence of beta-adrenoreceptors in the pan- 
creatic islet beta-cells and indirectly following en- 
hanced hepatic glycogenolysis.^? The hypokalemic 
action of terbutaline could then be secondary to the 
associated increased levels of serum glucose and in- 
sulin, causing potassium to move into the cells and 
resulting in a lowered potassium concentration.” ° 

Beta-adrenergic agonists may also stimulate venti- 
lation by metabolic or central nervous system actions, 
including increased sensitivity of the respiratory cen- 


ter to carbon dioxide? It has been postulated that 
some of the metabolic changes associated with beta- 
adrenergic agonists may be related to the tachypnea 
they induce. This would result in a respiratory alka- 
losis and lowered serum potassium by promoting 
potassium movement into the intracellular space. It 
has been shown that betaz-adrenergic agonists do not 
cause an increase in urinary potassium excretion.® "° 
Therefore, it is unlikely that total body potassium 
depletion occurs and thus the decrease in serum levels 
of potassium is due rather to redistribution of potas- 
sium within body compartments." 

There may be a direct effect of beta-agonists upon 
receptors in the liver, fostering uptake of potassium 
by the liver. In vitro studies have shown that beta- 
adrenergic agonists promote the active uptake of po- 
tassium by the liver, striated muscle, smooth muscle, 
and myocardial cells.” Permeability of the cell 
membrane to potassium is increased, but only influx 
is augmented, as concomitant membrane hyperpolar- 
ization opposes efflux.'? !* "4 In addition, the influ- 
ence of increased cardiac output and vasodilation 
mediated by beta-receptors could be an effective ad- 
junct to the uptake of potassium in tissues that are 
normally not well-perfused, such as resting skeletal 
muscle." 

It has been observed that beta-agonists stimulate 
potassium influx into cells and sodium efflux from 
cells, thereby increasing the intracellular potassium/ 
sodium ratio by stimulating the active coupled trans- 
port of sodium and potassium across the plasma 
membrane.” ? Beta-adrenergic hyperpolarization is 
accompanied by an increase in potassium permeabil- 
ity of the cell membranes and by an increase in tissue 
cAMP.'? 1" Studies have shown that an increase in 
potassium permeability is a prominent factor in the 
beta-adrenergically mediated hyperpolarization in the 
myometrium, but that calcium and cAMP also play 
roles. Since calcium is believed to regulate the perme- 
ability characteristics of the myometrial membrane, 
it is conceivable that the increase in potassium perme- 
ability is the consequence of alterations in membrane 
calcium. Thus the hyperpolarization may be linked to 
the operation of a cAMP-stimulated calcium pump 
which, through changes in membrane calcium, regu- 
lates the permeability of the membrane to potas- 
sium.!9 ! 

Very little clinical documentation is available on 
the specific effects of terbutaline since tocolytic betag- 
adrenergic drugs are still under investigation. There 
is an obvious need to perform a controlled prospective 
study to investigate correlations between intravenous 


ANESTHESIA AND ANALGESIA 
Vol 59, No 12, December 1980 


919 


HYPOKALEMIA AND TERBUTALINE 


terbutaline and serum potassium. Any recommenda- 
tions are speculative as to treatment and anesthetic 
management of such cases. 

It is important for the anesthesiologist to be aware 
of the hypokalemia observed with the administration 
of betasz-adrenergic agents. It appears that intravenous 
KCl supplementation does little to alter serum potas- 
sium as long as the terbutaline infusion continues. 
The serum potassium will return to preinfusion levels, 
probably within 30 minutes, once the infusion is 
stopped. Therefore, our recommendation is to discon- 
tinue the infusion before administration of an anes- 
thetic for delivery. This must, of course, be feasible 
as far as the patient’s labor course is concerned, since 
discontinuation of the infusion will also reverse the 
tocolytic effect and allow labor to progress. Other 
reported side effects associated with betag-agonists 
including hypertension, tachycardia, ° ventricular 
dysrhythmias,? hyperglycemia,® ^? and pulmonary 
edema?" ? must be considered. 

A reasonable approach to anesthesia in patients 
with hyperpolarized membranes would necessitate 
continuous ECG monitoring during anesthesia. Hy- 
perventilation during anesthesia should be avoided 
since this will aggravate the movement of potassium 
intracellularly and potentiate the hyperpolarization of 
the cell membrane which may lead to dysrhythmias. 
Other sympathomimetic agents, including halothane 
or ephedrine, should be used with caution in con- 
junction with terbutaline administration. 
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Domperidone Antagonizes the Relaxant Effect of 
Atropine on the Lower Esophageal Sphincter 
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BROCK-UTNE, J. G.: Domperidone antagonizes the relaxant effect of atropine on the lower esophageal sphincter. 
Anesth Analg 59:921-—924, 1980. 


A zone of increased intraluminal pressure exists at the gastroesophageal junction in man and is believed to act as a 
physiologic sphincter. Increasing this lower esophageal sphincter (LES) tone is an accepted and useful method in 
preventing gastroesophageal refiux. The effects of LES tone were studied in 10 healthy volunteers receiving sequential 
intravenous injections of atropine, 0.6 mg, or domperidone, 10 mg, followed by domperidone, 10 mg, or atropine, 0.6 
mg. The order of drug administration was randomized during the first study. Each volunteer was studied a second 
time, 1 week later, when the order of drug administration was reversed from the first. Administration of atropine 
decreased mean LES pressure by 12.6 cm H20 ( p < 0.001). Subsequent injection of domperidone restored LES tone 
to near normal. In contrast, initial injection of domperidone approximately 1 week later in the same subjects, mean 
LES pressure increased by 18.5 cm H20 (p < 0.001). Intravenous injection of atropine, thereafter, failed to decrease 
mean LES pressure significantly, LES pressure being sustained at a mean of 14.8 cm H20 above basal control levels 
(p « 0.005). Results of this study suggest that domperidone given prior to atropine, before induction of general 
anesthesia, may counteract the potentially deleterious effect of atropine on LES tone, and thereby reduce the chances 
of regurgitation and pulmonary aspiration of acid gastric contents. 


Key Words: GASTROINTESTINAL TRACT: esophagus; PARASYMPATHETIC NERVOUS SYSTEM: atropine; VOM- 
ITING, Antiemetics: domperidone. 





ULMONARY aspiration of regurgitated acid gas- Subjects and Methods 

tric contents, with resultant chemical pneumoni- 
tis, remains the major cause of both maternal obstetric 
and surgical morbidity and mortality.” The tone of 
the lower esophageal sphincter (LES) is a major barrier 
to esophageal reflux of acid gastric contents.? There- 
fore, drugs that cause relaxation of the LES can be 


expected to increase the hazard of regurgitation, entry to the study. The average of the volunteers was 
whereas pharmacologic agents that increase LES tone — 55, (+2.9 SEM) years and their mean weight 68.7 
may decrease the risk. (51.9 SEM) kg. 


Atropine relaxes the LES, an effect which can be 
countered by prior administration of metoclopra- 
mide.? Domperidone has also been shown to increase 
LES pressure.’ The purpose of this study was to 
ascertain the effects of sequential intravenous injec- 
tions of atropine-domperidone and domperidone- 
atropine on LES tone and to establish the correct 
sequence of giving these drugs prior to general anes- 
thesia. This is important information to the anesthetist 
striving to prevent the acid aspiration syndrome. 


Esophageal manometric studies were performed on 
10 healthy volunteers with their informed consent. 
The study was approved by the Ethics and Standards 
Committee of the Faculty of Medicine, University of 
Natal, Congella, South Africa. Any previous history 
of upper gastrointestinal surgery or disease precluded 


Volunteers received sequential intravenous injec- 
tions of atropine, 0.6 mg, or domperidone, 10 mg, 
followed by domperidone, 10 mg, or atropine, 0.6 mg. 
Each volunteer was studied after a fast of at least 10 
hours before the investigation. At the first study 
session, basal levels of gastric, LES, and esophageal 
pressures were recorded at rest, Thereafter, atropine, 
0.6 mg, or domperidone, 10 mg, was given intrave- 
nously at random, and esophageal motility studies 
were repeated 7 minutes later. 

* Principal Anesthetist/Senior Lecturer. Each volunteer was studied a second time 1 week 
Received from the Department of Anesthetics, University of later, in the same manner, but with the drugs being 


icine, 4013, ica. . : i ; 
Ba A A oe ai pouty finca Accepted given in the reverse order from the first study i.e., 


No reprints will be available. domperidone, 10 mg, preceding atropine, 0.6 mg, 
ANESTHESIA AND ANALGESIA 921 
Vol 59, No 12, December 1980 


LOWER ESOPHAGEAL SPHINCTER TONE 


injection or vice versa. Selection of 7 minutes as the 
delay time before pressure recordings were made 
stems from our previous experience with these 
drugs,” *° which confirmed that this interval was 
appropriate to allow their effects on the LES to be 
manifest. 

The manometric technique employed in this study 
was similar to that previously described.9 * ? Three 
polyethylene tubes bonded together at the distal end 
were swallowed by the volunteer. These catheters, 
continuously flushed by a Harvard constant infusion 
pump at a rate of 0.19 ml/min were attached to three 
separate transducers (Beckman Instrument physio- 
logic transducer model 215071). The latter were cali- 
brated from O to 80 cm H2O before and after each 
study, using a water manometer. The transducers 
were positioned at approximately the level of the 
lower esophagus (midaxilliary line) to eliminate the 
effects of hydrostatic pressure. 

The above tubes were passed orally until all the 
recording orifices lay within the stomach. At least 7 
minutes were allowed to elapse before the tube was 
slowly withdrawn, 0.5 cm at a time, measuring stom- 
ach and sphincter pressures until the pressure record- 
ings and their alterations in response to swallowing 
indicated that all three orifices now lay within the 
esophagus above the LES. This maneuver is termed 
a pull through in gastroenterology literature. 

The tracings obtained on the recorder, therefore, 
represent pressure changes in all three tubes. Hence, 
three pressure profiles were obtained for each single 
pull through, giving three consecutive values for gas- 
tric, sphincter, and esophageal pressures. For analysis 
of these pressure profiles, actual pressures were meas- 
. ured from the baseline (zero pressure) to the midpoint 
between maximal end-inspiratory and end-expiratory 
points of the respiratory fluctuations. The pre- and 


TABLE 


postinjection tracings were compared. Each subject 
had three measurements of gastric, sphincter, and 
esophageal pressures before drug administration, and 
three after each drug was given. The mean pressures, 
gastric pressure (GP), LES pressure (LESP), and esoph- 
ageal pressure (EP), were then calculated for each 
subject before and after receiving the drugs. The 
difference between LESP and GP, the barrier pressure 
(BrP) was also determined. All pressures are ex- 
pressed in centimeters of water above atmospheric 
pressure. Only tracings that were without interference 
from movement, swallowing, and gross respiratory 
excursions, were evaluated. 

One satisfactory pull through takes approximately 
10 to 20 minutes. Hence, the time from the first drug 
administration to the second injection varied between 
20 to 30 minutes. The peak effect of the study drugs 
on the LES would seem, according to our previous 
experience, to be between 20 to 40 minutes. 

All pressure tracings were measured by an inde- 
pendent observer (G.E.D.). Statistical analyses were 
performed using Student's t-test for paired data on 
the Hewlett-Packard desk top calculator (No. 9815A). 
A p value of «0.05 was regarded as significant. 


Results 


The results are given in the Table. The mean pres- 
sures recorded under control conditions before the 
atropine-domperidone drug sequence were GP 15.4 
cm H2O, LESP 56.3 cm HỌ, and EP 3.6 cm H3Q. 
The average calculated BrP was thus 40.9 cm H3O. 
Following atropine administration, a highly significant 
decrease both in LESP and BrP of 12.6 cm HO ( p < 
0.001) was observed. Subsequent domperidone ad- 
ministration restored both LESP and BrP to near basal 
levels. The mean control pressures recorded before 


* 


Gastric, Sphincter, Esophageal, and Barrier Pressures before and after Atropine or Domperidone and Subsequent 


Domperidone or Atropine Administration * 


First drug administration 


Second drug administration 


Control Atropine 
Gastric pressure 15.4 x 1.8 15.4 x 1.8 
Sphincter pressure 56.3 + 1.8 43.78 + 1.2 
Esophageal pressure 3.6 + 0.5 4.1 x: 0.5 
Barrier pressure 40.9 X 2.8 28.38 + 1.8 


Domperidone Control Domperidone Atropine 
cm HO 
16.8 + 1.5 16.5 4 2.8 18.0¢ + 2.5 18.0 t 2.7 
54.01 + 2.4 53.4 + 3.6 71.98 + 4.1 68.21 + 4.4 
3.8 + 0.6 2.9 + 0.5 2.5 + 0.6 3.0 + 0.4 
37.21 + 3.0 36.9 + 2.9 53.9§ + 2.1 50.2t + 2.9 


* Values are means + standard deviation. 

t Level of significance from basal: p « 0.01. 
t Level of significance from basal: p < 0.005. 
§ Level of significance from basal: p < 0.001. 
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study of the domperidone-atropine order of drug 
injection were GP 16.5 cm H2O, LESP 53.4 cm H:O, 
and EP 2.9 cm H2O. The average calculated BrP was 
36.9 cm H2O. These levels were similar to the control 
values reported after the first administration of drugs. 
After administration of domperidone, a significant 
increase in mean LESP of 18.5 cm H;O ( p < 0.001) 
was measured. Mean BrP increased 17 cm H20 (p< 
0.001). Later administration of atropine caused only 
slight but statistically insignificant changes in both 
LESP and BrP which were sustained at mean levels of 
14.8 cm H3O and 13.3 cm H2O, respectively, above 
control values ( p « 0.005). 

The average GP also increased significantly after 
initial domperidone injection by 1.5 cm HO (p < 
0.01) but was unaffected by atropine. EP was influ- 
enced by neither agent. 


Discussion 


Gastric reflux consists of the flow of gastric con- 
tents into the esophagus. The amount of reflux de- 
pends upon the competence of the antireflux mecha- 
nism. The LES is a specialized structure, physiologi- 
cally different from the body of the esophagus, and 


presents the main barrier to gastroesophageal re- 


flux 3, 11, 12 


Esophageal manometric measurements have shown 
that reflux occurs at BrP below 13 cm H3O. Hence, if 
a patient with a basal BrP of 26 cm H20 is given a 
drug that decreases the LES pressure by 14 cm H2O 
the LES would be rendered incompetent.” However, 
considerable individual variations in resting sphincter 
tone have been reported. 

In 1960, Bettarello and coworkers’ showed that the 
LES tone was reduced by atropine and increased by 
bethanechol. Furthermore, these workers demon- 
strated a marked increase in the incidence of gastroe- 
sophageal reflux after atropine injection, which was 
significantly reduced by bethanechol administration. 
This effect of atropine on the LES was later confirmed 
by other workers in both nonpregnant’®” and preg- 
nant subjects.” In the latter study by Dow et al (1978),° 
a trend toward an increased incidence of gastroe- 
sophageal reflux was also noticed in parturients fol- 
lowing atropine administration. However, the number 
of patients studied was too small to draw any firm 
conclusion. 

Laitinen et al (1978)? have shown in dogs that 
metoclopramide increases LESP significantly and that 
subsequent atropine administration fails to influence 
the LES tone. Domperidone has also been shown to 


exert a strong tonic effect on the high pressure zone 
of the lower esophagus in baboons and in both non- 
pregnant and pregnant humans.” ’ The present study 
using domperidone confirms this response in healthy 
humans. Laitinen et al also showed that when atropine 
was given before metoclopramide, the latter drug 
failed to elevate LESP previously reduced by atropine. 
In contrast, domperidone in the present study in- 
creased LESP to near normal basal levels after atro- 
pine injection. Hence, the timing and order of injec- 
tion of atropine and both metoclopramide and dom- 
peridone before induction of anesthesia is important 
to anesthetists, especially since it has been previously 
advocated that metoclopramide and atropine be given 
together. 

Domperidone, a benzimidazole derivative, has been 
previously recommended for use as a premedicant 
because of its antiemetic effect? and its ability to 
speed gastric emptying (unpublished research reports 
supplied by Janssen R & D Inc, Johannesburg, South 
Africa). The mechanism of action of domperidone on 
the LES and stomach is, however, unknown at present. 
Its chemical structure and pharmacokinetics have re- 
cently been described. ? 

The results presented here suggest that since the 
most likely effect of atropine on the LES is to block 
the effect of acetylcholine at postganglionic choliner- 
gic myoneural junctions, domperidone could act as 
an antagonist at this site. A competitive drug receptor 
interaction would seem to occur; however, to be 
certain multiple doses of each drug must be studied. 
Atropine caused no statistically significant change in 
the elevated sphincter pressure induced by domperi- 
done. However, if atropine is to be given prior to 
emergency operation, it would seem advisable to 
administer it approximately 20 minutes after domper- 
idone injection and within a few minutes of induction 
of general anesthesia to avoid a possible significant 
decrease in BrP with time, as the effect of atropine on 
LES becomes maximal. 

Despite the fact that atropine and other cholin- 
ergic agents (hyoscine,"? glycopyrrolate’’) are known 
to decrease LES tone, at the University of Natal the 
practice continues to be atropine or glycopyrrolate 
given intravenously to parturients before cesarean 
section for the following reasons: A desensitizing dose 
of a non-depolarizing muscle relaxant is routinely 
given before anesthesia to avoid :he increase in gastric 
pressure associated with muscie fasciculation after 
injection of succinylcholine.? However, the impor- 
tance of this increase in intragastric pressure, with 
respect to the risk of regurgitation, has been ques- 
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tioned.” Since the two muscle relaxants antagonize 
each other, a larger than usual dose of succinylcholine 
is employed.” This increased dose may have adverse 
effects on the cardiovascular system due to its mus- 
carinic actions.” These parasympathetic effects, in 
particular bradycardia with resultant lowered cardiac 
output, are blocked effectively by atropine and gly- 
copyrrolate. 

In addition, a combination of concealed aortocaval 
occlusion, carotid body stimulation by cricoid pres- 
sure, and a rough or difficult endotracheal intubation 
in the absence of atropine or glycopyrrolate pre- 
medication, may produce alarming maternal brady- 
cardia and hypotension. Hence, the exclusion of an- 
ticholinergic drugs as intravenous premedications ap- 
pears unwarranted, especially if the fetus is at risk, 
since placental perfusion and fetoplacental gas ex- 
change may be compromised. Significantly, in the 
most recent confidential report on maternal mortality 
from Great Britain," two women were determined to 
have died because atropine was omitted from the 
preanesthetic medication. 

In this and previous studies,” !* * © domperidone 
has been shown to be relatively free of undesirable 
side effects in adults. The present study suggests that 
when atropine is given before induction of anesthesia, 
its administration should be preceded by an injection 
of domperidone in order to increase LES pressure and 
thereby reduce the chances of pulmonary acid aspi- 
ration. 
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Local Anesthetics: Injection Route Alters Relative 
Toxicity of Bupivacaine 


Rudolph H. de Jong, MD,* and John D. Bonin, MAT 





DE JONG, R. H., AND BONIN, J. D.: Local anesthetics: injection route alters relative toxicity of bupivacaine. Anesth 
Analg 59:925-928, 1980. 


Site of injection affects the toxicity of local anesthetics, perhaps because differences in tissue binding, vascular 
uptake, and hepatic clearance affect drug disposition. Three local anesthetics with different physical and pharmaco- 
logic properties were given intraperitoneally or subcutaneously to mice to assay median convulsant (CDso) and median 
lethal (LDso) doses. The toxicity of bupivacaine, a long-acting, tightly tissue-bound local anesthetic agent was increased 
only 3096 to 4096, whereas the toxicities of lidocaine and chloroprocaine were increased 30096 tc 40096, by giving the 
drugs intraperitoneally rather than subcutaneously. Because of this, bupivacaine appeared to be 13 times more toxic 
than chloroprocaine when given subcutaneously, but only 4.5 times more toxic relative to chloroprocaine when 
assayed intraperitoneally. We conclude that a drug's therapeutic index (ratio of potency to toxicity) relative to a 


standard drug is affected considerably by route of extravascular administration. 


Key Words: ANESTHETICS, Local: bupivacaine, chloroprocaine, lidocaine; TOXICITY: local anesthetic. 





DITORIAL CONCERN has been expressed that 

rapid absorption of long-lasting local anesthetics 
such as bupivacaine and etidocaine may heighten 
their clinical toxicity relative to lidocaine.’ Although 
considerable information is available about the tox- 
icity of these local anesthetics given intravenously or 
subcutaneously,” * the intravenous route bypasses the 
natural drug buffer provided by tissues and extracel- 
lular fluid when local anesthetic is deposited extra- 
neurally for regional anesthesia. 

Reexamining the control data obtained in our on- 
going assays of local anesthetic mixtures revealed that 
the lethal dose of bupivacaine relative to lidocaine 
given intraperitoneally* was severalfold greater than 
the corresponding doses given subcutaneously.” In 
these studies, we gave three local anesthetics with 
different pharmacologic characteristics intraperitone- 
ally to simulate rapid absorption, and subcutaneously, 
to mimic slow drug absorption. Since convulsions 
are an index of severe local anesthetic toxicity in man, 
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we determined the median convulsant (CDso) as well 
as the median lethal dose (LDso) of these drugs. 


Methods 


Groups of 10 adult outbred female white mice, 
weighing approximately 30 g each, were injected in- 
traperitoneally (lower left quadrant) or subcutane- 
ously (upper part of the back) with local anesthetic 
solutions. We used bupivacaine, lidocaine, and chlo- 
roprocaine hydrochloride, dissolved in saline only, as 
supplied by the manufacturers. Doses, based on body 
weight, were increased or decreased in geometric 
proportion to define four or five well separated points 
on the dose-response curve. All injections were made 
between 9 and 11 a.m. to minimize circadian varia- 
tions’; animals were housed five to a cage and away 
from male mice to induce anestrus. 

After receiving injections, the animals were ob- 
served individually in warmed cages; only acute 
deaths occuring within 4 hours cf injection were 
counted." The animals were used just once. CDs and . 
LDso were computed by fitting the response of each 
mouse individually to the iteratively derived optimal 
logistic curve so as to avoid the pitfalls of group 
response assays." 

Results 


The processed data in the Table show the CDso and 


LDso values, together with the respective standard 
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TABLE 


Median Convulsant (CDgo) and Median Lethal (LDso) Doses of Local Anesthetics 











Bupivacaine Lidocaine Chloroprocaine 
CDso LDso CDso LDso CDso L.Dso "— 
mg/kg 

Subcutaneous* 77.4 X 4.3 83.0 + 4.0 289.4 X 13.4 462.7 + 23.8 510.8 + 36.3 1069.0 + 75.1 
Relative toxicity 6.6 12.9 1.8 2.3 1.0 1.0 
Intraperitonealt 57.7 + 2.7 58.7 + 2.0 111.0 + 6.3 133.1 X 3.3 243.4 + 14.5 266.5 + 11.6 
Relative toxicity 4.2 4.5 2.2 2.0 1.0 1.0 

* Subcutaneous controls reported previously.? 

+ Intraperitoneal controls reported previously.* 
errors (in milligram per kilogram), for each injection APE DORE RTE LS. OY 


route. To emphasize better the difference between 
bupivacaine on the one hand, and lidocaine and chlo- 
roprocaine on the other, CDs; and LDso values are 
expressed also in multiples of the corresponding dose 
of chloroprocaine, as shown under "Relative toxicity." 
(Recall that the smaller the CDs; or LDso, the more 
toxic is the drug.) 

For instance, the margin of recovery from convul- 
sions (ie. the difference between convulsant and 
lethal dose) is slim when any one of the drugs is given 
intraperitoneally. Although the same still holds true 
for bupivacaine given subcutaneously, lidocaine, and 
especially chloroprocaine, have a much greater mar- 
gin of potential recovery from convulsions when given 
subcutaneously. The latter comes about mainly be- 
cause of the striking decrease in lethality when lido- 
caine or chloroprocaine are given subcutaneously in- 
stead of intraperitoneally. These differences are 
brought out in the Figure in which dose-death lines 
for the intraperitoneal and Subcutaneous injection 
routes are contrasted. Whereas the two lines for bu- 
pivacaine are close together, they are far apart for 
both lidocaine and chloroprocaine. 

As the toxicity of lidocaine and of chloroprocaine 
is altered by approximately the same proportion by 
route of injection, their toxicities relative to one an- 
other change but little: lidocaine remains approxi- 
mately twice as toxic as chloroprocaine, whether the 
drugs are given intraperitoneally or subcutaneously. 
The case is quite different with bupivacaine: the latter 
is only about twice as lethal as lidocaine when given 
intraperitoneally, whereas it is 5 times more toxic 
relative to lidocaine when given subcutaneously. 


Discussion 


When given for infiltration or nerve block anesthe- 
sia, local anesthetics are absorbed relatively slowly, 
with plasma levels in man peaking in 25 to 40 min- 
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FiGURE. Dose-effect curves for bupivacaine (Bupiv), lidocaine 
(Lido) and chloroprocaine (CiProc) given intraperitoneally (IP)* 
or subcutaneously (SC? to mice. Drug doses are shown on the 
logarithmically scaled horizontal axis, percentage deaths on the 
probit-scaled vertical axis. Note that the intraperitoneal and 
subcutaneous curves of bupivacaine are close together, 
whereas those for lidocaine and chloroprocaine are far apart. 
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utes. We simulated these slow absorption character- 
istics by giving the drugs subcutaneously. When 
administered for major regional nerve blocks such as 
peridural or intercostal anesthesia, however, local an- 
esthetic blood levels rise more rapidly, peaking in 15 
to 30 minutes. '? These fast absorption conditions were 
simulated here by intraperitoneal injection which, in 
man, yields peak plasma levels in about 20 minutes." 

Our data show that absorption of lidocaine or 
chloroprocaine from the peritoneal cavity renders 
these drugs 3 to 4 times more toxic than when they 
are absorbed slowly from subcutaneous tissue. Al- 


though bupivacaine is severalfold more toxic than 


lidocaine or chloroprocaine, it is also a severalfold 
more potent local anesthetic. Thus the therapeutic 
index of the three local anesthetics tested here remains 
approximately the same when tested by subcutaneous 
injection." However, bupivacaine is less toxic with 
respect to lidocaine and chloroprocaine when assayed 
by intraperitoneal injection. In fact, the therapeutic 
index of bupivacaine relative to the other two local 
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anesthetics was nearly double the index determined 
by subcutaneous injection.” 


P Adams et al? who also studied the effects in mice, 


found bupivacaine and lidocaine to be 7 to 8 times 
more lethal when given directly intraveneously than 
when given subcutaneously. Under the conditions of 
our study, however, the lethality of bupivacaine was 
increased by less than one half when giving the drug 
intraperitoneally instead of subcutaneously. The le- 
thality of lidocaine and chloroprocaine, on the other 
hand, was increased 3.5- and 4-fold, respectively, 
when the drugs were given intraperitoneally instead 
of subcutaneously. Said differently, bupivacaine ap- 
peared to be less toxic relative to lidocaine or chlo- 
roprocaine when given intraperitoneally than when 
given subcutaneously. 

Why would the toxicity of bupivacaine increase so 
much less, when absorbed from the peritoneal space, 
than the toxicity of lidocaine or chloroprocaine? First, 
bupivacaine—a drug of high tissue and lipid solubil- 
ity, and of strong protein-binding capacity—is bound 
firmly to tissue sites from which it is released into the 
bloodstream at a steady rate. This is well demon- 
strated in clinical studies in which blood levels of 
bupivacaine were lowered but little when a vasocon- 
strictor (epinephrine) was injected with the drug, quite 
different from the behavior of lidocaine.? The long 
duration of action of bupivacaine further suggests 
slow but steady drug absorption over an extended 
time period. Thus the difference in intraperitoneal 
and subcutaneous absorption rates,.so striking for 
lidocaine and chloroprocaine, is smoothed out by the 
high affinity of bupivacaine for tissues. When injected 
subcutaneously, lidocaine uptake is slowed by limited 
vascularity rather than by strong tissue affinity. For 


. instance, lidocaine disappears at a rate of approxi- 


mately 30% per hour from a subcutaneous pouch in 
the rat, with 5096 absorption requiring about 100 
minutes.'* 

Second, absorption from the peritoneal space into 
the portal venous circulation and thence passage 
through the liver (first pass extraction) clears consid- 
erably more lidocaine and chloroprocaine than bupi- 
vacaine. This certainly holds true in man, where the 
hepatic extraction ratio for lidocaine is 6596, compared 
to 38% for bupivacaine.’ Also, although ester-type 
local anesthetics normally are cleared mostly by 
plasma esterases, a considerable additional proportion 
of the drug can be cleared by liver esterases, especially 
when plasma enzymes become saturated.? Neverthe- 
less, prolonged disposition half-times make it seem 
unlikely that more than a small fraction of amide- 


linked local anesthetic could have been detoxified in 
the few minutes between intraperitoneal injection and 
onset of convulsions or deaths." 

Although the doses of local anesthetics (milligrams 
per kilogram) used here may seem enormous on a 
human dose scale, they become closer when consid- 
ered on a surface area (milligrams per square meter) 
basis. Assuming a surface area of about 0.01 m* for a 
30-g mouse, and of 1.7 m° for a 70-kg man, we can 
convert dose per mouse to human dimensions simply 
by multiplying the milligrams per kilograms value by 
5. Thus a subcutaneous mouse LDs of lidocaine 
(462.7 mg/kg) extrapolates, on a surface area basis, to 
approximately 2300 mg (33 mg/kg) in man. That 
value certainly is on the order of magnitude reported 
for a supralethal intravenous dose of lidocaine (2000 
mg) in man.” Accordingly, we do not believe that the 
differences in relative drug toxicities observed here 
could be attributed to mice requiring excessively high 
doses. On the contrary, it appears that extrapolation 
of our findings from mouse to man is a reasonable 
exercise. 

Two points of interest to the clinician emerge. First, 
the toxicity of strongly tissue-bour.d local anesthetics 
such as bupivacaine (and presumably also etidocaine) 
varies considerably less with site of extravascular 
injection than does the toxicity of less firmly bound 
agents such as lidocaine and chloroprocaine. Hence, 
bupivacaine may be less toxic, relative to lidocaine 
(the standard local anesthetic), than estimated by 
laboratory data obtained from intravenous assays. 
That, in fact, the "safe" dose of bupivacaine is greater 
than originally estimated has beea demonstrated by 
Moore and associates'? in large scale clinical studies. 
Second, when a local anesthetic solution is instilled 
into the peritoneal cavity for surgical procedures, such 
as tubal ligation or to reduce visceral traction reflexes, 
an agent with a high hepatic extraction ratio (e.g., 
lidocaine) is preferable to one with limited first-pass 
biotransformation (e.g. bupivacaine). As much as 
1000. mg of lidocaine injected intraperitoneally 
yielded peak venous plasma levels below 3 ug/ml.” 
By comparison, 1000 mg of lidocaine injected into the 
lumbar epidural space might be expected to yield a 
plasma concentration close to 10 ug/ml,?? a level well 
into the clinical toxic range of lidocaine. 

We conclude that the toxicity of a strongly tissue- 
bound long-acting local anesthetic such as bupiva- 
caine is influenced relatively little by rapidity of ab- 
sorption from extravascular sites. Briefer-acting and 
less firmly bound local anesthetics such as lidocaine 
and chloroprocaine, conversely, are several times 
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more toxic when given intraperitoneally than when 
given subcutaneously. Clinicians thus may find that 


more toxic than the parent drugs. Anesthesiology, in press 
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Case for Abandonment of Explosive Anesthetic Agents 


The use of inflammable anesthetics in the United States has been debated widely over the past 
several years. Those in favor of continued use of these agents argue for educational use, professional 
freedom, pharmacologic safety, and the need to retain an option. Those in favor of a ban on such 
agents cite the lack of demonstrated pharmacologic advantage, diminishing physician expertise, risk 
of fire, and cest. The use of inflammable anesthetics has declined markedly over the past 15 years; in 
1978, only 1576 of American hospitals were reportedly using them. However, it is estimated that the 
use of inflammable anesthetics adds approximately $9.4 million to the annual cost of surgical care. As 
their use dec_ines further, the cost per patient increases because most of the costs are fixed. The 
authors advocate a total ban on inflammable anesthetics. This recommendation is based on safety and 
cost considerations, reinforced by the declining reliance on explosive agents. Without definitive action 
on the part of policy makers, the use of these agents is seen as likely to continue at a very low, and 
hence a relatively expensive, rate. (Fineberg HV, Pearlman LA, Gabel RA: The case for abandonment 
of explosive anesthetic agents. N Engl J Med 303:613-617, 1980) 
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Detection and Differentiation of Metabolic Acidosis 


in Parturients 


Gertie F. Marx, MD,* Piyush K. Desai, MD,} and Naushaba S. Habib, MD} 





Marx, G. F., DESAI, P. K., AND HABIB, N. S.: Detection and differentiation of metabolic acidosis in parturients. Anesth 


Analg 59:929-931, 1980. 


Base deficit and blood glucose were measured in 36 laboring women in whom metabolic acidosis was clinically 
suspected. Of 15 parturients, 11 showed presumptive evidence of lactacidemia, two ketoacidemia, and two a 
combination of both. Differential diagnosis is important since therapy differs: ketoacidosis is treated with intravenous 
glucose; lactacidosis is treated with continuous segmenta! extradural block. 


Key Words: ANESTHESIA: obstetric; ACID-BASE EQUILIBRIUM: acidosis, metabolic. 





ABOR is an energy-consuming process in which 
oxygen consumption and both aerobic and an- 
aerobic metabolism increase steadily. During normal 
labor, base deficit increases 2 to 3 mEq/L with the 
greatest change occurring at the time of delivery.'? 
This increase in base deficit is mainly due to elevation 
of plasma levels of lactate and pyruvate.^^ During 
prolonged and/or strenuous labor, starvation ketosis 
may also develop.? Thus, metabolic acidemia during 


labor and parturition may result from lactacidosis, © 


ketoacidosis, or a combination of both. Differential 
diagnosis is important since therapy of the two types 
differs and can be ascertained readily by base deficit 
and blood glucose determinations. 

This report deals with base deficit and glucose 
findings in 36 nondiabetic women in active labor in 
whom metabolic acidosis was clinically suspected. 


Method 


Arterial blood gas tensions were determined in 
these parturients for the following indications: (1) 
protracted labor with undue physical exhaustion as 
evidenced by lassitude and malaise with pallor and/ 
or sweating (30 women), (2) ketotic breath (four 
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women), and (3) the need to differentiate between 
fetal asphyxial and fetal infusion acidosis (two 
women). (Fetal infusion acidosis is fetal acidemia 
consequent to the placental transmission of maternal 
acid metabolites.) Thirteen of the parturients were 
primigravid and 23 multigravid; of the latter, 11 de- 
livered by lower segment cesarean section 1 to 5 years 
previously. Át our institution, it is customary to per- 
mit vaginal delivery subsequent to abdominal deliv- 
ery if the original indication for section has not re- 
curred, if the section was of the lower segment type, 
and if wound healing was uncomplicated. 

Based on the aforementioned findings in healthy 
women during normal labor, a base deficit exceeding 
6 mEq/L was designated as clinically significant. 
Blood glucose levels were measured using a Dextro- 
stix in 31 of the gravidae and in ali those with manifest 
acidemia. Levels below 90 mg/100 ml were confirmed 
on an Ames Eyetone device. The determinations were 
repeated intermittently as indicated. Paired Student's 
t-test was used for the statistical analysis. 


Results 


Base deficit values ranging from 6.1 to 12.4 mEq/L 
were found in 15 of the parturients (six primigravidae, 
nine secundigravidae) and were associated with blood 
glucose levels above 90 mg/100 ml in 11 and below 
90 mg/100 ml in four (Table 1). In these four women, 
dextrose-containing lactated Ringer's solution had 
been infused at rates of less than 100 ml/hr despite 
prolonged strenuous labor, providing less than 20 
calories per hour. Urine samples obtained following 
the hematologic findings revealed 2* to 4* acetone. 
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TABLE 1 
Data of Four Gravidae with Ketotic Ereath* 
Sample 1T Sample 21 
Parity Prior CS Labor D/RL Mode of delivery 
BD BG BD BG 
hr mi mEq/L mg/ 100 mi mEq/L mg/100 mi 

O No 10 900 6.4 70 5.2 140 Forceps 

O No 11 900 7.2 60 5.6 .120 Spontaneous 

1 Yes 10 800 12.4 60 11.8 130 CS 

1 Yes 13 1100 10.3 70 10.1 140 Vacuum extraction 





* Abbreviations used are: CS, cesarean section; D/RL, dextrose-containing lactated Ringer's solution; BD, base deficit; BG, 


blood glucose. 
T Before treatment. 


+ After treatment with increased glucose infusion of 1 to 1% hours. 


Increasing the rate of infusion reduced the base deficit 
to below 6 mEq/L in two women. In the other two, 
base deficit remained in the acidotic range even after 
the blood glucose value reached 130 mg/100 ml. 
Thus, of 15 acidotic gravidae, 11 appeared to suffer 
from lactacidemia, two from ketoacidemia, and two 
from a combination. 

Segmental extradural analgesia was given to eight 
of the parturients with presumptive lactacidemia fol- 
lowing which there was a gradual decrease in the 
degree of acidosis (Table 2). The acid-base and blood 
glucose findings of a 13-year-old primigravida before 
and after extradural blockade are depicted in Table 3; 
the improvement in her acid-base status was pro- 
nounced. 


Discussion 


During labor, muscular activity significantly in- 
creases metabolism. Muscle contractions occur in the 
uterus as well as in skeletal musculature, secondary 
to hyperventilation and body movements in response 
to pain. In fact, labor has been compared with mod- 
erate to severe exercise. The energy expenditure per 
hour for a 70-kg man is estimated to be 170 calories 
during "light" exercise, 290 calories during "active" 
exercise, and 450 calories during "severe" exercise.' 
Energy can be derived from glucose, proteins, and fat, 
but for the woman in labor who must obtain her 
energy from parenteral administration, glucose is the 
only exogenous source available. One gram of glucose 
provides 4 calories, therefore, 1 L of an intravenous 
solution containing 5% dextrose provides 200 calories. 
Bedside measurements of blood glucose by the 
Dextrostix/Reflectance Meter System facilitate main- 
tenance of normoglycemia (90 to 130 mg/100 ml). 
This method correlates well with standard laboratory 
methods (r = 0.91) and provides a rapid technique for 
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TABLE 2 


Base Deficit Values before and after Lumbar Extradural 
Block in Eight Parturients* 





Base deficit 
Patient no. Parity 
Pre-blockt  Post-block 1  Post-block 2 
mEq/L 
7 0 8.0 6.6 6.0 
11 TT 6.8 6.4 5.8 
17 TT 10.3 9.0 9.0 
21 eT 9.0 8.0 7.6 
26 O 9.6 5.8 4.2 
27 0 8.3 4.6 4.3 
31 O 7.3 6.7 6.5 
35 1 6.1 5.6 5.4 
Mean + SD 8.2 + 1.4 6.6 + 1.4} 6.1 + 1.68 





* Post-block 1 is 1 to 1'/7 hours after initiation of block; post- 
block 2 is 1 to 2 hours later. 
T Previous cesarean section. 





t p < 0.02. 
§ p < 0.05. 
TABLE 3 
Data of 13-Year-Old Primigravida (Patient 26) 
, . Base Blood 
Time SEIK pH Pacoz deficit glucose 
cm torr mEq/L mg/100ml 
8.40 6 7.29 32.4 9.6 130 
9.15 6 Lumbar extradural black (T9 to L2) 
10.10 8 7.40 28.3 5.8 150 
12.15 10 7.40 31.6 4.2 140 





measuring moment-to-moment changes in blood glu- 
cose levels.? 

In healthy nonpregnant individuals, starvation does 
not readily progress to ketoacidosis. During preg- 
nancy, however, fetal glucose uptake results in accel- 
eration in the mother of the normal metabolic re- 
sponse to starvation,? while the increased lipolysis, 
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diminished carbon dioxide combining power, and 
elevated metabolic rate of the gravida increase the 
tendency toward acidosis. Thus, “the pregnant 
woman, even in the absence of diabetes, appears 
much more likely to develop metabolic acidosis."^'? 

Lactacidosis during the first stage of labor has been 
proposed to reflect, in part, compensation for the 
effects of hyperventilation and, in part, tissue hypoxia 
associated with muscle activity.” Serial determinations 
of lactate, pyruvate, and excess lactate plasma levels 
during labor and delivery have revealed that relief of 
pain mitigates, but does not abolish the gradual in- 
crease in blood levels of these metabolites, confirming 
the contribution of both skeletal and uterine muscular 
activity.* Pain relief by extradural block is therapeutic 
because skeletal muscular responses to uterine con- 
tractions are decreased and catecholamine release is 
reduced; the latter, in turn, improves uteroplacental 
perfusion and provides more oxygen and energy sub- 
strate to the fetoplacental unit. We do not consider a 
prior cesarean section as contraindication to a judi- 
ciously performed segmental lumbar extradural 
block. The rare complication of a uterine rupture 
produces sudden diffuse abdominal pain despite sen- 
sory analgesia of the lower thoracic and upper lumbar 
segments." 

We believe that the incidence of clinically signifi- 
cant metabolic acidosis in parturients with protracted 
labor has been underestimated. Since extradural an- 
algesia is beneficial in such women, arterial blood gas 
determination is indicated whenever acidemia is sus- 
pected. If acid-base imbalance is confirmed, blood 
glucose should be measured. A glucose load is ther- 
apeutic in ketoacidosis, but contraindicated when hy- 
perlactacidemia is prevalent. Glucose provides more 
fuel for lactate production. In addition, maternal hy- 


perglycemia may be harmful to the infant. Maternal 
glucose is transmitted continuously across the pla- 
centa inducing fetal hyperglycemia which, in turn, 
may lead to neonatal hypoglycemia. 

In conclusion, modern simplified laboratory meth- 
ods provide a ready means for detection and differ- 
entiation of maternal metabolic acidosis and should 
be employed whenever this imbalance is suspected in 
a parturient woman. 
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ERKOLA, O., SALMENPERA, M., AND TAMMISTO, T.: Does diazepam pretreatment prevent succinylcholine-induced 
fasciculations? —a double blind comparison of diazepam and tubocurarine pretreatments. Anesth Anaig 59:932-934, 
1980. 


To determine the effectiveness of diazepam pretreatment in preventing succinylcholine-induced fasciculations, 61 
surgical patients were randomly allocated into three groups receiving either diazepam (0.05 mg/kg), d-tubocurarine 
(0.05 mg/kg) or saline in a double-blind fashion. Following the induction of anesthesia with fentanyl and thiopental, a 
bolus dose of succinylcholine (1 mg/kg) was injected 5 minutes after the pretreatment drugs. Resulting fasciculations 
were then graded visually. Responses to electrical stimulation of the ulnar nerve, somatic motor responses to 
laryngoscopy and endotracheal intubation, and changes in serum levels of potassium were also evaluated. Diazepam 
had no effect on frequency or intensity of succinylcholine fasciculations. Fasciculations were observed in 9096 of the 
patients given placebo injections and in 9596 of those given diazepam, but in only 1696 of those given tubocurarine. 
Tubocurarine prolonged the onset and shortened the duration of the succinylcholine block and thus made intubation 
more difficult. Diazepam accelerated onset, but had no effect on duration of succinylcholine block. The twitch response 
following ulnar nerve stimulation disappeared after 84 seconds (p < 0.01 vs placebo) in patients given diazepam, 
after 115 seconds in patients given tubocurarine, and after 106 seconds in those given placebo injections. The 
increase in serum potassium after succinylcholine was prevented by pretreatment with d-tubocurarine but not by 


diazepam. 


Key Words: NEUROMUSCULAR RELAXANTS: succinylcholine; HYPNOTICS: benzodiazepines, diazepam. 





HE ADMINISTRATION of a subparalyzing dose 

of a non-depolarizing muscle relaxant before suc- 
cinylcholine (SCh) is standard and accepted clinical 
practice"? in prevention of SCh-induced fascicula- 
tions and associated sequelae."? Recently Fahmy et 
al’ showed in an open study that 0.05 mg/kg of 
diazepam was superior to d-tubocurarine (dTc) pre- 
treatment in suppressing the fasciculations as well as 
the increase in serum potassium and creatinine phos- 
phokinase (CPK). Since we had observed vigorous 
contractions after SCh in patients who had received 
diazepam for induction of anesthesia, a double-blind 
comparison of pretreatment with dTc and diazepam 
was made to settle this controversy. 
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Methods and Materials 


Sixty-one elective surgical patients without known 
contraindications to SCh were randomly allocated 
into one of three groups, one group (21 patients) 
receiving diazepam, 0.05 mg/kg (Valium, Roche, Nut- 
ley, NJ), another group (19 patients) being given dTc, 
0.05 mg/kg (Tubocurarin, Orion, Helsinki), and the 
third group (21 patients) receiving an equal volume 
of saline in a double-blind fashion. Sex distribution, 
mean age, height, and weight of patient groups were 
comparable. Injections were made intravenously from 
a syringe taped to prevent recognition of what was 
injected on the basis of color. The syringes were 
prepared by a nurse who also had allocated the pa- 
tients into the three groups. All patients were given 
intramuscular meperidine (1 mg/kg) and atropine 
(0.01 mg/kg). Anesthesia was then induced 3 minutes 
after administration of the test drugs with fentanyl, 
0.05 to 0.1 mg IV, followed by thiopental, 4 to 5 mg/ 
kg. Five minutes after the pretreatments SCh (Sukolin, 
Orion), 1 mg/kg, was injected in 5 seconds. Ventila- 
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tion was first controlled manually and then, after 
intubation, mechanically using an oxygen-nitrous ox- 
ide mixture (30/70). Normocapnia was maintained by 
maintaining end-tidal CO, between 5.5% and 6.0%. 

The intensity of fasciculations was scored visually 
from 0 to 3 (0 = no fasciculations, 1 = just visible 
fibrillations, 2 = moderate contractions, 3 = vigorous 
contractions). Onset and duration of the neuromus- 
cular blockade were evaluated visually by observing 
twitch responses to supramaximal stimuli to the ulnar 
nerve via subcutaneous electrodes. The time from the 
injection of SCh to disappearance of the twitch re- 
sponse and the time until its reappearance were re- 
corded. Patients were endotracheally intubated im- 
mediately after the twitch disappeared or showed no 
further reduction in twitch response. Conditions for 
intubation were assessed as either excellent or imper- 
fect. Blood for serum potassium measurement was 
drawn without stasis from an arm vein before the 
pretreatment. A second blood sample was drawn from 
a separate puncture site 10 minutes after injection of 
SCh. Serum potassium levels were measured using 
standard flame photometry. 

The f-test for two means or the paired t-test was 
used to determine the significance of the results. 
Either the chi-square test or Fisher’s exact probability 
test was applied for nonparametric data. 


Results 


The frequency and intensity of fasciculations were 
unaltered by diazepam pretreatment (p > 0.05 vs 
control group, chi-square test) whereas, dTc proved 
to be highly effective in diminishing the frequency of 
fasciculations from 90% to 16% ( p < 0.001 Fisher's 
test) (Table 1). The increase of about 5% in serum 
potassium levels 10 minutes after SCh was unaffected 
by diazepam whereas dTc pretreatment statistically 
significantly decreased this response (Table 2). 

The twitch response was abolished significantly 
more rapidly after SCh in patients given diazepam 
than in control patients (Table 3). The duration of 


TABLE 1 


Grade of Fasciculations Associated with Administration of 
Succinylcholine (Sch) 


0.9% Diaze- d-Tubo- 

Grade NaCl pam curarine 
None 2 1 16 
Just visible 3 4 2 
Moderate contractions 6 8 1 
Vigorous contractions 10 8 0 


TABLE 2 


, Serum Potassium Levels following Administration of 


Succinylcholine (Sch) 





Treatment Before Sch 10 ee ee p 
0.9% NaCl 4.24 + 0.23 4.47 X£ 0.30 <0.001§ 
+5.4% 
Diazepam 4.34 + 0.34* 4.55 X 0.43  <0.01ł 
— 4.896 
d-Tubocurarine 4.09 + 0.36" 4.17 + 0.46 —1 
"p.096 


* NS = p > 0.05 vs control or change. 
T NS = p > 0.05 vs prior Sch. 

+ p < 0.01 vs prior Sch. 

§ p « 0.001 vs prior Sch. 


TABLE 3 


Twitch Responses to Electrical Stimulation and Somatic 
Motor Responses to Endotracheal Intubation with 
Succinyicholine 








Somatic 
Time to aboli- Time to return tor re- 
Treatment tion of twitch of twitch  SPONSes at 
present in- 
tubation 
sec 
0.9% NaCl 106 + 31 401 + 31 5/21 
23.8% 
Diazepam 84 171 384 +110’ 2/21* 
9.596 
d-Tubocurarine 115 + 33° 298 + 69t 14/191 
73.796 





* NS = p > 0.05 vs control. 
1 p < 0.01 vs control. 


abolition of the twitch response, however, was not 
affected by diazepam. The diminished occurrence of 
"bucking" while the endotracheal tube was being 
passed suggests better intubation conditions following 
administration of diazepam, but this difference did 
not reach statistical significance. Pretreatment with 
dTc antagonized both onset and duration of SCh 
block, rendering the dose of 1 mg/kg inadequate for 
intubation. 


Discussion 


The failure of pretreatment with diazepam to di- 
minish the SCh-induced fasciculations and the in- 
crease in serum potassium in this study are at variance 
with the findings of Fahmy et al’ who reported diaze- 
pam to be as effective as dTc in prevention of fas- 
ciculations and superior to dTc in prevention of the 
increase in serum potassium levels. Moreover, serum 
creatinine phosphokinase activity 24 hours after SCh 
remained within preoperative values after pretreat- 
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ment with diazepam in the study of Fahmy et al,’ 
whereas an increase of approximately 100% was ob- 
served in control subjects and those pretreated with 
dTc. We did not measure creatinine phosphokinase 
values because extensive surgery would have affected 
the results. However, our earlier study demonstrated 
the effectiveness of precurarization in preventing an 
SCh-induced increase in activity of creatinine phos- 
phokinase? in patients undergoing ocular surgery. In 
another study the effect of pretreatment with diaze- 
pam was not as impressive; still, diazepam decreased 
the incidence of fasciculations from 57% to 27%." 
We have no explanation for these conflicting re- 
sults. The solvent used for diazepam preparations has 
been shown to affect the neuromuscular junction,” !? 
but whether the same preparation was used in these 
three studies is not clear. One possible explanation 
might be differences in premedication. Our patients, 
scheduled for more extensive surgery, received me- 
peridine and atropine for premedication and fentanyl 
for induction of anesthesia; the other two studies 
provide no information about premedication. There 
are also racial and genetic differences between the 
study groups. Still, we believe that all these differ- 
ences would hardly explain such diverse results. 
The more rapid onset of SCh neuromuscular block- 
ade after diazepam is a new finding and needs confir- 
mation through quantitative measurements. There are 
previous reports of the antagonistic effects of diaze- 
pam on SCh block’! as well as the lack of such 
effects.” !? Whether the superior conditions for intu- 
bation after pretreatment with diazepam were due to 
the more rapid onset of neuromuscular blockade ob- 
served, or perhaps to deeper anesthetic levels, cannot 
be determined on the basis of the present results. 
In conclusion, precurarization still remains the 
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method of choice for prevention of SCh-induced fas- 
ciculations and events related to depolarization. We 
see no obvious disadvantage or danger in the need to 
increase the dosage of SCh by approximately 50% 
after administration of dTc to achieve comparable 
conditions for intubation.” P? 
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REVIEW 
Article 


Prejunctional and Postjunctional Cholinoceptors at the 


Neuromusclar Junction 
William C. Bowman, PhD, DSc* 





HE CLASSICAL view of the physiology of neu- 

romuscular transmission holds that transmitter 
acetylcholine is released from the nerve endings by 
nerve impulses, and that it acts on the postjunctional 
membrane of the motor end plate, and specifically 
and only at this site, to set in action the chain of 
events that leads to muscle contraction. The classical 
view, when extended to pharmacology, is that the 
actions of tubocurarine and related drugs are also 
selectively postjunctional; they act to block the rec- 
ognition sites of the acetylcholine receptors (cholino- 
ceptors), and thereby interrupt neuromuscular trans- 
mission. Over the years, however, several investiga- 
tors have provided evidence to suggest that the rela- 
tively simple classical view, while not incorrect, is 


nevertheless only part of the story. Prominent among : 


these more skeptical investigators have been Riker 
and co-workers, Hubbard and: Miyamoto and col- 
leagues, Blaber and Karczmar, and Galindo. Many of 
their important observations, and those of others, are 
described in reviews.” !6 ?9 29 

One of the clearest indications that the transmission 
mechanism is more complex than was hitherto sup- 
posed may be derived from a consideration of the 
phenomena of tetanic fade and its electrophysiologic 
counterparts, tetanic run-down of end plate potential 
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(epp) or end plate current (epc), that occur in the 
presence of a non-depolarizing neuromuscular block- 
ing drug. The traditional view is that acetylcholine 
output per nerve impulse normally, even in the ab- 
sence of drugs, wanes rapidly during high frequency 
stimulation. This is not normally reflected in waning 
tension, however, because of the considerable safety 
margin in transmission, both in terms of excess ace- 
tylcholine released and in terms of an excess of chol- 
inoceptors. It is only when a proportion of cholino- 
ceptors is occluded by an acetylcholine antagonist 
and the safety margin thereby reduced, that the wan- 
ing transmitter output is unmasked and is expressed 
as a fading tension response (tetanic fade). Thus, 
according to the traditional view, drugs such as tub- 
ocurarine unmask the consequences of a spontane- 
ously occurring waning in transmitter output, but 
they do not cause the waning. One of the complica- 
tions, however, has been that the best evidence for a 
diminishing acetylcholine output has come from ex- 
periments in which epp has been recorded in the 
presence of tubocurarine to prevent muscle move- 
ment, it being assumed that tubocurarine had no 
action other than to block the postjunctional choli- 
noceptor recognition sites. The possibility that tubo- 
curarine was itself causing the epp run-down was 
generally not entertained. On closer inspection it 
becomes clear that there are a number of observations 
relating to tetanic fade and epp run-down that are 
incompatible with the traditional view. 

Techniques that do not depend on the use of a 
tubocurarine-like drug have been developed for pre- 
venting muscle movement and thereby allowing the 
recording of epp or epc. These include cutting the 
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Fig 1. Rat diaphragm fibers, voltage-clamped. End-plate cur- 
rents (epc) generated by short tetanic trains of stimuli applied to 
the nerve. Note that in the absence of tubocurarine there is 
relatively little diminution of the responses in the cut fiber (top), 
but in the presence of tubocurarine, whether the fiber is intact 
(middle) or cut (bottom), tetanic run-down of responses is clear. 
(Compiled from figure 2 of Glavinovic,'” with permission.) 


muscle fibers near the end-plate region,’ stretching 
them over an inflated balloon,’ or treating them with 
a combination of glycerol and dantrolene.” When 
such techniques are used, there is relatively little 
epp or epc run-down during tetanic stimula- 
tion,* 1» 17 19-21, 26 Fig 1 shows the results of an exper- 
iment by Glavinovic!" in which tetanic trains of epc 
were recorded in voltage-clamped rat diaphragm 
muscle fibers. At a stimulation frequency of 150 Hz 
there was relatively little diminution in süccessive epc 
recorded from cut muscle fibers not treated with 
tubocurarine. However, in the presence of tubocurar- 
ine there was a marked run-down in epc amplitude 
even at the lower frequency of 100 Hz, whether the 
muscle fibers were cut or intact. It therefore seems 
clear that tubocurarine actually causes the successive 
diminution of the epc in a train. Results in which epp 
has been recorded by techniques that do not involve 
tubocurarine (i.e., cutting, stretching, or glycerol treat- 
ment) have been criticized on the grounds that these 
techniques would themselves cause depolarization, so 
that epp would be superimposed on this background 
effect and any run-down would be obscured. How- 
ever, this criticism cannot apply to the results of 
Blaber,"?' who used the cut fibers of the cat tenuis 
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muscle and recorded resting membrane potentials 
little lower than normal. 

If a single mechanism, that is, block of postjunc- 
tional cholinoceptor recognition sites, accounted both 
for twitch depression and for tetanic fade, then it 
would be expected that a given degree of twitch 
depression would be associated with the same degree 
of tetanic fade regardless of the route of injection, and 
regardless of the neuromuscular blocking drug used. 
However, neither of these expected conditions holds. 
Fig 2 shows an experiment on an anesthetized cat in 
which the same degree of twitch block was produced 
in the same muscle first by an intra-arterial bolus 
injection of tubocurarine and later by an intravenous 
bolus injection of a larger dose. The degree of tetanic 
fade was much more pronounced with intravenous 
injection. Fig 3 shows experiments on anesthetized 
cats in which the effects of different acetylcholine 
antagonists (hexamethonium, tubocurarine, and pan- 
curonium) were tested. All three produced tetanic 
fade, but the degree of twitch depression that accom- 
panied the tetanic fade differed in each case. Hexa- 
methonium produced complete tetanic fade to zero 
tension in the absence of any twitch depression and 
with relatively little depression of peak tetanic ten- 
sion. At the other extreme, pancuronium produced 
tetanic fade only in doses that also caused pronounced 
twitch and peak tetanic tension depression. Tubocu- 
rarine produced effects between the two extremes. A 
more striking contrast with hexamethonium is pro- 
vided by alpha-bungarotoxin," which binds selec- 
tively and powerfully to the recognition sites of post- 
junctional end-plate cholinoceptors. This substance 
produced pronounced twitch and tetanic depression 
in the complete absence of tetanic fade (Fig 4). (Note 
that the posttetanic increase in twitch tension evident 
in the records of Fig 4 is characteristic of fast-contract- 
ing muscles such as the tibialis anterior. It is a con- 
sequence of a temporary increase in the contractility 
of the muscle fibers. It is not a characteristic of slow- 
contracting muscles such as the soleus used in the 
experiments of Figs 2 and 3. Posttetanic facilitation of 
neuromuscular transmission, which is responsible for 
the “anticurare” effects of a tetanus as shown in Figs 
2 and 3, occurs in both types of muscle.) i 

Tetanic fade is presumably merely an exaggeration 
of “train-of-four” fade, and many anesthetists must 
be familiar with another phenomenon suggesting that 
twitch tension depression and fade are independent 
events. Thus, it is a common observation that for 
equal degrees of block of the initial twitch in a group, 
train-of-four fade is more pronounced during recov- 
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Fig 2. Cat, chloralose anesthesia. Maximal twitches of a soleus 
muscle were evoked by stimulation of the soleus nerve at a 
frequency of 0.1 Hz. At intervals, a tetanus (100 Hz for 5 
seconds) was interposed. The speed of the recording paper was 
increased for the tetani and the amplification of the tension was 
reduced 4-fold. Upper record is a control. Middle record shows 
the response to intraarterially injected tubocurarine. Tetanic 
tension is reduced but there is relatively little tetanic fade and 


ery from the block than during the development of 
the block, especially with pancuronium and related 
drugs. At any rate this is clearly so with the first dose. 
With subsequent doses, cumulative effects may mod- 
ify the picture. The phenomenon is shown with the 
new neuromuscular blocking drug, Org NC 45, in Fig 
5. Similarly, tetanic fade is slower to develop than is 
depression of peak tetanic tension.” 


little posttetanic relief of the block. Bottom record shows a 
similar degree of block in the same muscle produced by intra- 
venously injected tubocurarine. In this case the depressed tet- 
anus showed marked fade and there was a large temporary 
posttetanic relief of the block. Tension calibration, top left: 2.5 
N for twitches and 10 N for tetani. Horizontal lines indicate the 
duration of tetanic stimulation. (Reproduced with permission 
from Bowman and Webb'?.) 


The observations taken together seem to leave little 
doubt that the two aspects of transmission block—on 
the one hand depression of twitch and peak tetanic 
tension and of single epp or epc amplitude, and on 
the other tetanic fade, train-of-fcur fade and tetanic 
rundown of epp or epc—are the results of the inter- 
action of acetylcholine antagonists with different 
binding sites. Some substances, such as alpha-bun- 


937 


ANESTHESIA AND ANALGESIA 
Vol 59, No 12, December 1980 


CHOLINOCEPTORS AT THE NEUROMUSCULAR JUNCTION 


100Hz 5s 









TI 
t a" 





Fia 3. Responses to the first doses of drugs from different 
experiments, similar to that illustrated in Fig 2. Control records 
in each experiment are shown on the left. All drugs were injected 
intravenously. Hexamethonium (Hex) produced complete tetanic 
fade, which was associated with only a small (2596) depression 
of peak tetanic tension and no depression of twitches. Pancu- 
ronium (P) produced only partial tetanic fade even though peak 


garotoxin appear to bind selectively to the sites in- 
volved in twitch and peak tetanic tension depression, 
presumably the postjunctional recognition sites of the 
cholinoceptors. Others, such as hexamethonium, have 
a relatively greater affinity for the sites involved in 
"fade." Yet others, such as tubocurarine, pancuron- 
ium, and Org NC 45, bind to both sites to a greater or 
lesser extent. However, with these latter drugs (espe- 
cially pancuronium and Org NC 45) the rate of bind- 
ing to the sites involved in fade seems to be slower 
than the rate of binding to the postjunctional recog- 
nition sites of the cholinoceptors. A slower rate of 
binding to the "fade sites" would explain the obser- 
vations that peak tension depression, and fade de- 
velop and recover with different time courses. It 
would also explain the absence of tetanic fade when 
twitch depression is produced by intra-arterial rather 
than intravenous injection, for example, of tubocura- 
rine, since the relatively small bolus dose adminis- 
tered intra-arterially would pass through the muscle 
and be diluted in the general circulation before there 
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tetanic tension was depressed by 61% and the twitches 81%. 
Tubocurarine (T) produced intermediate effects; it produced 
complete tetanic fade, which was associated with a large (7496) 
depression of peak tetanic tension and 4696 depression of 
twitches. Tension calibration, top left: 2.5 N for twitches, 5 N for 
tetani. Horizontal lines indicate the duration of tetanic stimula- 
tion. (Reproduced with permission from Bowman and Webb'?.) 


was time for binding to the fade sites to occur. Ad- 
ditional evidence that this is the explanation is pro- 
vided by the observation that tetanic fade does de- 
velop in the cat soleus muscle when partial twitch 
block is produced not by a bolus intra-arterial injec- 
tion but by a continuous intra-arterial infusion of 
tubocurarine, even though the circulating systemic 
concentration does not increase sufficiently to affect 
the twitches of the contralateral soleus muscle. 

The evidence that twitch tension depression and 
fade are consequences of separate actions seems to be 
overwhelming, so that it then becomes important to 
speculate about the underlying mechanisms. Twitch 
tension depression is readily explicable in classic 
terms, that is, by block of the postjunctional choli- 
noceptor recognition sites. The mechanism underly- 
ing fade, however, is less obvious. There appear to be 
two main possibilities: (1) that the drugs act on the 
nerve endings to impair the mobilization of the trans- 
mitter from the reserve store to the readily releasable 
store, so that transmitter output cannot keep pace 
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Fic 4. Cat, pentobarbitone anesthesia. Maximal twitches of a 

tibialis anterior muscle were evoked by stimulation of the motor 
nerve at a frequency of 0.1 Hz. At intervals, a tetanus (50 Hz for 
5 seconds), or stimulation at 2 Hz, was interposed. Paper speed 
was increased for the 2 Hz and the tetanic stimulation, and the 
amplification was reduced 5-fold for the tetani. Top panel is a 


with the demands of high frequency stimulation, or 
(2) that high frequency stimulation causes the drug to 
exert an additional postjunctional action that becomes 
more pronounced as the stimulation continues. There 
is circumstantial evidence in support of both possi- 
bilities, each of which will be considered separately. 
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control record. Panel A was recorded 30 minutes after injection 
of alpha-bungarotoxin (0.2 mg/kg IV) and shows the steady 
progression of the block. Panel B demonstrates tetanic depres- 
sion but absence of tetanic fade (and of fade at 2 Hz) at the 


height of the block. (Reproduced with permission from Lee et 
al.) 


Possible Prejunctional Effect 


Blaber? showed that decamethonium, which in 
some respects resembles acetylcholine, acts on motor 
nerve endings to increase the mobilization of acetyl- 
choline from the reserve to the readily releasable 
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Fig 5. Cat, chloralose anesthesia. Maximal twitches of a tibialis 
muscle were evoked by stimulation of the motor nerve with train- 
of-four stimulation (2 4z for 2 seconds) applied every 20 sec- 
onds. Org NC 45 (30 pg-kg™') was injected intravenously at the 
arrow. Selected groups of stimuli are illustrated during the onset 
of and the recovery from the block. Groups were selected in 
pairs to show matching degrees of block of the first twitches in 
each pair of groups during onset and recovery. Note that fade 
of the trains is much more marked during recovery than during 
onset; that is, fade has a slower onset than has initial twitch 
depression. 





Fia 6. Suggested prejunctional feedback role of transmitter 
acetylcholine (AchE) in maintaining transmitter output during 
high frequency stimulation. The diagram represents a nerve 
ending and the postjunctional membrane of the motor end plate. 
Transmission is mediatad by acetylcholine stimulating the post- 
junctional receptors (R trans). The released acetylcholine also 
stimulates prejunctional receptors (R mob), which facilitate mo- 
bilization (MOB) of vesicles from the reserve (RES) to the readily 
releasable (REL) store, so that output of acetylcholine can keep 
up with the demands of high frequency stimulation. Block of the 
prejunctional receptors involved (R mob) will cause tetanic fade. 
All the acetylcholine antagonists block postjunctional receptors 
(R trans) but their relat ve affinities for the prejunctional recep- 
tors (R mob), and therefore their abilities to produce tetanic 
fade, differ. alpha-Bungarotoxin has little affinity for R mob, 
whereas hexamethonium has relatively more affinity for R mob 
than for R trans. Tubozurarine and pancuronium fall between 
these extremes. A second population of prejunctional receptors 
(R rep) located at the first node of Ranvier are represented. 
These mediate depolarization of the axonal membrane, which 
may give rise to repetitive firing of the nerve fibers. One of the 
functions of junctional acetylcholinesterase may be to protect 
the axons from stimulacion, through these receptors, by trans- 
mitter acetylcholine. 


store. This action is, of course, separate from its 


neuromuscular blocxing action. The prejunctional ac-: 


tion of decamethonium is blocked by tubocurarine. 
Since decamethonium can produce this prejunctional 
effect, it is not likely that acetylcholine can do like- 
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wise, and this implies the presence on the nerve 
endings of a population of acetylcholine receptors 
that, when stimulated, mediate an increase in trans- 
mitter mobilization. The drugs that produce tetanic 
fade have in common that they are acetylcholine 
antagonists, and it therefore seems likely that this 
property accounts for this effect. Tying these obser- 
vations together points to the conclusion that trans- 
mitter acetylcholine, in addition to acting on post- 
junctional cholinoceptors to mediate transmission, 
also acts on prejunctional cholinoceptors to mobilize 
transmitter from the reserve to the readily releasable 
store, so that availability for release can keep up with 
the demands of high frequency stimulation. Blockade 
of these prejunctional receptors will thus impair mo- 
bilization and lead to tetanic fade and analogous 
phenomena. Fig 6 is a diagrammatic representation of 
the postulated mechanism. If it is supposed that the 
prejunctional receptors do not have precisely the same 
configuration as the post-junctional receptors, that is 
that they are isoreceptors of the postjunctional recep- 
tors, then the different selectivity and different rates 
of binding of different antagonists for the two popu- 
lations can be explained. 

Since it is here proposed that drugs such as tubo- 
curarine, as well as blocking postjunctional receptors, 
might diminish acetylcholine output during high fre- 
quency stimulation, some consideration should be 
given to the fact that several workers! 1^?» 39 have 
failed to detect any diminution by direct assay of the 
released transmitter. There are three possible contrib- 
utory reasons as to why such experiments might fail 
to detect a diminishing output: (1) Assay methods, 
especially bioassay methods, of the minute quantities 
of acetylcholine involved are possibly not precise 
enough to detect what might be quite a small fall-off, 
(2) Collection of transmitter has invariably been car- 
ried out in the presence of an anticholinesterase drug, 
which might modify the mobilization and release 
characteristics. (3) It has long been known that some 
of the acetylcholine released by nerve impulses is 
nonquantal, but until relatively recently it was not 
realized that most of the transmitter released (perhaps 
as much as 99%) is in this category.” The nonquantal 
release is presumably released other than from vesi- 
cles and it may not be concerned with transmission. 
Consequently, even a pronounced fall-off in the re- 
lease of the fraction responsible for transmission may 
be undetectable by assay of the total release. 

The careful studies of Waud and Waud™ ? relating 
tetanic fade to receptor block indicate that normal 
twitches may be produced in the presence of 75 to 
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80% receptor occlusion by tubocurarine. However, 
because of the fall-off in acetylcholine output during 
a tetanus, it is necessary for about 50% of the receptors 
to be free before tetanic fade at 100 Hz is no longer 
evident. It is important to emphasize that their con- 
clusions remain valid whether the fall-off in acetyl- 
choline output is spontaneous, or is tubocurarine- 
induced as postulated here; indeed Waud and Waud 
point this out themselves.” 

Acetylcholine, or a nerve impulse evoked in the 
presence of an anticholinesterase drug, may evoke 
repetitive firing in the nerve (for reviews, see refer- 
ences 9, 28, and 29). There is some controversy con- 
cerning the underlying mechanism, but most evidence 
indicates that the effect arises from activation of pre- 
junctional cholinoceptors, which mediate depolariza- 
tion of a region of nerve membrane that then acts as 
a focus for repetitive firing. These cholinoceptors are 
probably located at the first node of Ranvier, '* and 
one of the functions of junctional acetylcholinesterase 
may be to protect the nerve endings at this site from 
the depolarizing action of the transmitter. This idea is 
shown in Fig 6. The most peripheral part of the nerve 
terminal membrane is resistant to depolarization by 
drugs.? The cholinoceptors postulated to mediate 
increased transmitter mobilization (Fig 6, Rmob) are 
supposed to be located in this peripheral part; pre- 
sumably they do not therefore mediate depolarization 
of the terminal membrane. The mechanism through 
which their activation might faciliate mobilization is 
not known; some speculations have been outlined 
elsewhere.? ° Evidence that the postulated prejunc- 
tional receptors mediating increased mobilization (Fig 
6, Rmob) are different from those mediating neuronal 
repetitive firing (Fig 6, Rrep) may be derived from the 
observation that the latter are easily blocked by in- 
traarterial injection of small doses of tubocurarine.? 


Possible Postjunctional Effect 


At first sight it does not seem likely that high 
frequency nerve stimulation (ie. a tetanus) could 
modify the interaction of neuromuscular blocking 
drugs with postjunctional receptors in such a way that 
tetanic fade occurs. However, recent experiments by 
Colquhoun and co-workers!^ ? suggest that such a 
possibility should be given serious consideration. It 
has been proposed, on the basis of the results of 
experiments involving spectral analysis of epc fluc- 
tuations induced by acetylcholine?” ? in the absence 
and presence of other agents, that some drugs may 
interact not with the recognition sites of end-plate 


cholinoceptors but rather directly with the open form 
of the ion channels (ion conductance modulators) that 
are coupled to the receptor recognition sites. That is, 
they appear to "plug" the ion channels without oc- 


' cluding the recognition sites (see, for example, Albu- 


querque and Oliveira! for a review). It was formerly 
believed that tubocurarine and related drugs inter- 
acted solely with the receptor recognition sites of the 
closed form of the receptor, in this way preventing 
ion channel opening or shifting the equilibrium in 
favor of the closed form. However, recent evidence 
indicates that this may not be the whole story. It 
appears that a component of the action of tubocurar- 
ine and gallamine, and possibly of other similar drugs, 
is dependent on penetration and plugging of the open 
ion channels. This type of block is obviously 
dependent on the ion channels being in the open 
state; therefore, the block is more pronounced the 
greater the concentration of agonist present. Fig 7 
shows the concept of receptor function initiated by 


acetylcholine and the modifications of receptor func- 


tion produced by antagonist molecules either block- 
ing the recognition sites or plugging the open ion 
channel. During a tetanus, the frequency of ion chan- 
nel opening will obviously be increased and this may 
lead to increased plugging of open ion channels by 
those agents that are capable of entering the channels 
(e.g., tubocurarine). If this is so, fade of the response 
would be expected. It is perhaps significant that alpha- 
bungarotoxin, which produces tetanic tension depres- 
sion but not fade, is thought to combine with the 
receptor recognition sites but not to penetrate the 
open ion channels. Hexamethonium, on the other 
hand, although only studied on ganglion cells and 
Aplysia neurons,” ? seems to act mainly by plugging 
the open ion channels. In contrast to alpha-bungaro- 
toxin, hexamethonium produces tetanic fade with 
relatively little effect on peak tension. 

The idea that tetanic fade is related to increased 
plugging of ion channels during che repetitive receptor 
activation occurring throughout a tetanus is attractive, 
but it requires further study. A plausible theory 
should account for the observation that the antagonist 
apparently escapes temporarily from the ion channel 
during the brief intervals between successive tetani, 
since at steady-state block the peak tension of each 
tetanus is the same, and is much greater than, the 
faded level at the end of the preceding tetanus. It 
should also account for the fact that neostigmine 
abolishes fade, yet it might be expected that increased 
channel opening by excess acetylcholine would lead 
to increased channel plugging. It is possible that both 


941 


ANESTHESIA AND ANALGESIA 
Vol 59, No 12, December 1980 


CHOLINOCEPTORS AT THE NEUROMUSCULAR JUNCTION 


agonist 


(89 Wi molecules 
9 fu, 






antagonist 
molecule 





Fig 7. Diagrammatic representation of the interaction of an 
agonist (e.g., acetylcholine) and an antagonist (e.g., tubocurar- 
ine) with end-plate cholinoceptors. a, Agonist molecules com- 
bine with the recognition sites of the receptor and induce a 
conformational change in the ion conductance modulator pro- 
tein. lon channels open, allowing the diffusion of Na* and K* 
ions down their concentration gradients. b, Antagonist molecule 
has combined with the recognition sites of the closed channel 


the preiunctional and the postjunctional mechanisms 
discussed contribute to tetanic fade, but at the present 
time the bulk of the evidence seems to be more in 
favor of a prejunctional mechanism. 
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Disinfecting Endoscopes 


Mycobacterium tuberculosis was cultured from the bronchial washings of two patients who 
underwent bronchoscopy consecutively with the same bronchoscope. Active pulmonary tuberculosis 
was later confirmed in the first patient, whereas the second patient had clinical and serologic evidence 
of infection with respiratory syncytial virus. The bronchoscope had been cleaned by being flushed 
with an iodophor disinfectant (Betadine; povidone-iodine) for 10 minutes, then rinsed with distilled 
water. This had not destroyed the tubercle bacilli. Techniques and agents reported to be of value in 
disinfecting endoscopes are reviewed. The agent recommended for chemical disinfection of fibreoptic 
bronchoscopes is 2% glutaraldehyde solution. The instrument should be immersed in this solution for 
10 to 30 minutes. Ethylene oxide is recommended for sterilization of instruments. These procedures 
must be preceded by adequate mechanical cleansing. Transmission of pathogenic organisms during 
endoscopy, which can result in nosocomial disease, misdiagnosis, or inappropriate treatment, can be 
avoided. (Leers W-D: Disinfecting endoscopes: how not to transmit Mycobacterium tuberculosis by 
bronchoscopy. Can Med Assoc J 123:275-280, 1980) 

See also —Starkey DH: Editorial. Why is complete sterilization of surgical supplies so important now? 
Can Med Assoc ] 123:255-256, 1980 
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Anaphylaxis to 
Succinylcholine in a 
Patient Allergic to 
Penicillin 


Ram S. Ravindran, MD,* and 
Janet E. Klemm, MDT 


Common problems associated with administering 
succinylcholine (SCh) intravenously to facilitate en- 
dotracheal intubation include increased intragastric 
and intraocular pressure, postoperative myalgia, hy- 
perkalemia, dysrhythmias, and prolonged apnea in 
patients with atypical pseudo-cholinesterase enzyme. 
In addition, there have been occasional reports of 
patients developing anaphylactic reactions to SCh.'? 
Jerums et al’ reported a severe anaphylactic reaction 
in a patient with a history of an anaphylactic reaction 
to penicillin who subsequently manifested a similar 
reaction following administration of SCh. This report 
describes a similar case. 


Case Report 


A 24-year-old, 62-kg woman was scheduled for a tubal 
ligation. She was allergic to penicillin. Her only previous 
anesthetic was adminstered for a dilation and curettage 
performed a year earlier. At that time she received thiopen- 
tal, SCh, nitrous oxide, and oxygen without any complica- 
tions. Physical examination revealed no abnormal findings. 
Her vital signs were blood pressure 110/70 torr, heart rate 
80 beats per minute, and respiratory rate 18 per minute. 
Preanesthetic medication consisted of intramuscular meper- 
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CLINICAL 
reports 


idine, 75 mg, and atropine, 0.4 mg, 1 hour prior to surgery. 
Anesthesia was induced with thiopental, 250 mg, and was 
initially maintained with 1.5% enflurane and 50% nitrous 
oxide in oxygen. Fifteen minutes later 80 mg of SCh was 
administered intravenously to facilitate endotracheal intu- 
bation. Immediately generalized erythematous rashes ap- 
peared and the eyelids and lips became edematous. Laryn- 
goscopy revealed an edematous tongue, epiglottis, and per- 
iglottic areas. Endotracheal intubation could not be accom- 
plished even with a 6.5-mm endotracheal tube. Her heart 
rate increased from 80 to 160 beats per minute and systolic 
pressure decreased from 110 to 70 torr. Wheezes were heard 
bilaterally. She was given 2 ml of 1:10,000 epinephrine and 
diphenhydramine, 50 mg IV, and ventilation was controlled 
with 100% oxygen administered using a face mask. Blood 
pressure and heart rate returned to preoperative levels in 
10 minutes. She also developed bilateral parotid enlarge- 
ment, The rash disappeared after 30 minutes. Bilateral 
parotid swelling and eyelid and lip edema subsided gradu- 
ally over 10 hours. The serum IgE level was 305 units/ml 
(normal 10 to 168 units/ml) 5 hours postoperatively. We 
did not measure specific IgE levels. The patient's description 
of an earlier reaction that had followed the injection of 
penicillin was similar. Mandappa et al’ and Jerums et al? 
noted positive skin reactions in two patients who had 
developed an anaphylactic reaction to SCh. This patient 
would not give consent for skin patch or intradermal testing 


with SCh. 


Discussion 


Earlier reports have described anaphylactic reac- 
tions in patients without a prior sensitizing exposure 
to SCh.'? In a few of those patients, however, an 
injection of thiopental had preceded the injection of 
SCh. Recently there have been case reports of ana- 
phylaxis to thiopental.*^? Since the signs of anaphy- 
lactic reaction in this patient became manifest imme- 
diately following the injection of SCh and 15 minutes 
following the injection of thiopental, we feel the 
anaphylactic reaction was in response to SCh and not 
thiopental. SCh by itself induces histamine release, 
and therefore it may be difficult to establish the 
diagnosis of an anaphylactic reaction in some cases. 
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Indeed it is not uncommon to observe an erythema- 
tous blush over the upper chest and face following 
intravenous administration of SCh. 

On the basis of clinical observation alone, hyper- 
sensitivity-type reactions are best described as ana- 
phylactoid, the term anaphylactic being reserved for 
those reactions in which evidence for definite anti- 
body involvement exists. This terminology was ac- 
cepted at the Symposium on Adverse Responses held 
in Sheffield, England, 1978.’ Watkins recommends 
measurement of complement C3, conversion of com- 
plement C3 and C4, plus IgE levels on serial samples 
of plasma taken over a period of 24 hours following 
the reaction to establish the diagnosis of anaphylactic 
reaction.’ Etter et al? have documented elevated IgE 
levels in the plasma of a patient allergic to thiopental 
within 5 hours following a reaction. The most specific 
test would be the measurement of specific IgE levels 
in the plasma.? However, this technique is not yet 
available. 

We believe this patient developed an immune-me- 
diated anaphylactic reaction rather than an exagger- 
ated histamine release response for the following 
reasons: (1) the clinical manifestations and response 
to therapy were characteristic; (2) there had been a 
prior exposure to SCh and; (3) the patient had an 
elevated IgE level. 

Lately, there have been reports of increasing num- 
bers of patients developing anaphylactic reactions to 
intravenous hypnotics and other drugs used during 
anesthesia.” !? !! There is a common misconception 
that anesthesia alters the classic signs of anaphylaxis 
and/or offers some protection against this syndrome. 
In fact, there have been a few case reports of cardiac 
arrest occurring in anesthetized patients following 
injection of intravenous hypnotics and antibiotics.'^ ? 
Unfortunately at this time it is still not possible to 
predict which patients will develop anaphylaxis and 
under what circumstances it is likely to occur. It has 
been suggested that, as a prophylactic measure, H1 
and H2 blockers might be administered to atopic 
individuals to minimize the histamine effects.’ 

SCh is administered to facilitate laryngoscopy in 
most patients requiring endotracheal anesthesia. Fre- 


quently we administer endotracheal anesthesia to pa- 
tients who claim to be "allergic" to penicillin. Should 
we withhold administration of SCh in these patients? 
We do not think so. 

In spite of the one previously reported case of 
anaphylaxis to SCh in a patient allergic to penicillin" 
and this case, we have administered SCh to 40 pa- 
tients, who claimed to be allergic to penicillin, without 
any complications. There is no structural or immu- 
nologic relationship between these two drugs that 
would suggest the possibility of cross-sensitization. 
Perhaps patients like this one, who develop an ana- 
phylactic reaction to one drug, are simply more likely 
to develop a similar reaction to another drug. 
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Narcotic-Induced 
Choledochoduodenal 


Sphincter Spasm 
Reversed by Glucagon 


Ronald M. Jones, MB, ChB, FFA, RCS,* 
Richard Fiddian-Green, MD,+ and 
Paul R. Knight, MD, PhDt 


Operative cholangiography is frequently per- 
formed during biliary tract surgery to detect stones in 
the common bile duct. Narcotic-induced spasm of the 
choledochoduodenal sphincter may produce a picture 
compatible with common bile duct obstruction! and 
failure of passage of contrast medium into the duo- 
denum. 

We report a case of spasm of the choledochoduo- 
denal sphincter associated with merperidine anes- 
thetic premedication which we were able to reverse 
promptly using intravenous glucagon. 


Case Report 


A 61-year-old, 70-kg woman who had complained of 
postprandial bloating and right subcostal pain was admitted 
to the hospital. Sonography confirmed the presence of 
multiple gallstones in a normal-sized gallbladder with no 
evidence of a dilated common bile duct. All laboratory 
findings, including liver function tests and serum amylase, 
were within normal limits, as were the electrocardiogram 
and chest x-ray. She was scheduled for cholecystectomy 
and operative cholangiography and given meperidine, 50 
mg IM, % hour before induction of anesthesia. Anesthesia 
was induced with thiamylal, 300 mg, followed by succinyl- 
choline, 100 mg, to facilitate tracheal intubation and main- 
tained with 50% NeO in Oz and enfluarane. Muscle relax- 
ation was obtained with pancuronium, a total of 8 mg being 
administered. 

After a surgically uncomplicated removal of the gallblad- 
der, an operative cholangiogram was performed. Cholan- 
giography revealed distal common bile duct obstruction 
with no passage of contrast medium into the duodenum. 


* [nstructor, Department of Anesthesiology. 

+ Associate Professor, Department of Surgery. 

X Assistant Professor, Department of Anesthesiology. 

Received from the Department of Anesthesiology, University of 
Michigan Medical Center, Ann Arbor, Michigan 48109. Accepted 
for publication August 13, 1980. 

Reprint requests to Dr. Jones. 


946 


ANESTHESIA AND ANALGESIA 
Vol 59, No 12, December 1980 


The obstruction appeared to be spasm of the sphincter, not 
obstruction of the common bile duct due to a stone. No 
surgical trauma in the region of the duodenum and chole- - 
dochoduodenal sphincter had occurred. For these reasons 
it was thought that meperidine administered 2 hours earlier 
may have been the cause of the cholangiographic findings. 

Glucagon, an agent known to relax sphincter tone,? was 
slowly administered intravenously with careful monitoring 
of pulse and blood pressure. A total of 10 mg was given 
which caused a transient increase in systolic blood pressure 
and pulse rate from 120 to 135 torr and from 95 to 100 beats 
per minute, respectively. Two minutes after glucagon ad- 
ministration, cholangiography revealed unhindered passage 
of contrast medium into the duodenum. The patient had an 
uneventful recovery following surgery and was discharged 
from the hospital 7 days later. 


Discussion 


The value of operative cholangiography is well 

established. The incidence of retained residual calculi 
is reported as being decreased from 1596 without 
operative cholangiography, to 4% with it. The mor- 
tality following reexploration of the common bile duct 
is twice that of the original operation, while operative 
cholangiography involves minimal or no operative 
morbidity. 
. Failure of passage of contrast medium into the 
duodenum may be due to obstruction because of 
stone or tumor, or because of spasm of the choledo- 
choduodenal sphincter. The latter may be due to 
manipulation or instrumentation in the region of the 
sphincter or common bile duct, or to the action of 
drugs such as cholinergic agents and narcotic anal- 
gesics. 

There have been numerous reports on the increase 
in intrabiliary pressure due to choledochoduodenal 
sphincter spasm caused by narcotic analgesics, both 
in man*® and experimental animals.’ A number of 
studies have shown that meperidine has an effect 
similar in intensity and duration to equianalgesic 
doses of morphine.* ’ Failure of passage of the con- 
trast medium into the duodenum because of narcotic- 
induced sphincter spasm has been cited on a number 
of occasions." *? This has caused unnecessary surgi- 
cal exploration of the common bile duct. 

It may be difficult to diagnose in a particular patient 
the cause of sphincteric spasm. It has been pointed 
out that there is a 25% incidence of pseudo-obstruc- 
tion after common duct instrumentation.? However, 
in the case presented, surgical removal of the gall- 
bladder was accomplished in a straighforward manner 
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and there was no surgical or instrumental manipula- 
tion in the region of the choledochoduodenal junction 
or common bile duct. As no other narcotic analgesic 
was administered during surgery, it was thought that 
meperidine, given 2 hours earlier, was the most likely 
cause of sphincter spasm. Glucagon, known to relax 
the sphincter, was administered with almost imme- 
diate relief of obstruction and passage of contrast 
medium into the duodenum. 

A number of substances have been shown to de- 
crease intrabiliary pressure by relaxing the choledo- 
choduodenal sphincter. These include xanthine deriv- 
atives,!° amyl nitrite,” and glucagon.” Opiate antag- 
onists such as naloxone* and nalorphine!^ ? are 
known to relax narcotic-induced spasm of the chole- 
dochoduodenal sphincter. Atropine is only partially 
effective in reversing narcotic-induced spasm in 
man.'9 !* ? Complete reversal by atropine of nar- 


cotic-induced spasm of the choledochoduodenal: 


sphincter has been reported in guinea pigs.’ This 
animal model is, however, known to be characterized 
by physiologic and pharmacologic responses quite 
different from those observed in man.“ 

The mechanism by which glucagon relaxes the 
choledochoduodenal sphincter has not been reported. 
Relaxation of the sphincter to allow bile to pass into 
the duodenum in response to a fat-containing meal is 
mediated predominantly by the hormone cholecys- 
tokinin.? Although there are afferent and efferent 
nerve endings from the vagus nerve in the region of 
the sphincter, Magee” has stated that neural mecha- 
nisms do not play a significant role in sphincter 
relaxation. Pharmacologically induced smooth muscle 
relaxation in other organs, notably bronchial muscu- 
lature, is known to be mediated by an increase in 
intracellular cyclic adenosine 3’:5’-monophosphate 
(cAMP). Xanthine derivatives, which inhibit phospho- 
diesterase, the enzyme responsible for cAMP break- 
down, bring about bronchial smooth muscle relaxa- 
tion by increasing intracellular cAMP concentrations 
and additionally, are also known to relax the smooth 
muscle in the region of the choledochoduodenal junc- 
tion.” The pharmacologic and physiologic effects of 
glucagon, which have been investigated, are known 
to be mediated by stimulation of adenyl cyclase, 
resulting in an increase of intracellular cCAMP.!9 Y It 
might be speculated, therefore, that relaxation of the 
smooth muscle in the region of the choledochoduo- 
denal sphincter is mediated by a glucagon-induced 
increase in smooth muscle cell cAMP concentration. 


However, this hypothesis is as vet unsupported by 
published data. 

We conclude that narcotic analgesics may produce 
spasm of the choledochoduodenal sphincter when 
given as preanesthetic medication. This may lead to 
unnecessary surgical exploration of the common bile 
duct. If spasm of the choledochoduodenal sphincter 
is thought to be the cause of obstruction, the admin- 
istration of glucagon may reverse this. Unlike narcotic 
antagonists, glucagon does not reverse the analgesic 
effects of narcotics, an important consideration in 
pain management during the perioperative period. 
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Oxygen Anesthesia 
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Patient awareness and recall during anesthesia and 
surgery has been reported to occur in as many as 1.2% 
of surgical patients.’ In 1978, Stanley et al? introduced 
an anesthetic technique using high-dose fentanyl and 
oxygen that has since become popular for cardiac 
anesthesia. We are aware of no previously reported 
cases of awareness and recall during high-dose fen- 
tanyl anesthesia. We now report such a case. 


Case Report 


A 45-year-old woman, admitted to the hospital with the 
diagnosis of unstable angina, was scheduled for elective 
aortocoronary bypass surgery. The preanesthetic evaluation 
revealed a 66-kg patient with a regular pulse rate of 80 beats 
per minute and blood pressure 130/80 torr. Cardiac cathe- 
terization showed a normal left coronary artery and a large 
dominant right coronary artery with 9096 occlusion in the 
proximal one-third segment. All other laboratory data were 
within normal limits. 

The patient was premedicated with morphine sulfate, 7 
mg IM, 1 hour before surgery. Two peripheral veins were 
cannulated in the operating room with 16-gauge indwelling 
catheters. Monitors included left radial arterial line (20- 
gauge, 2-in indwelling catheter), pulmonary arterial catheter 
passed through the right internal jugular vein, an electro- 
cardiogram, an esophageal stethoscope, and an esophageal 
temperature thermistor. Following preoxygenation, fentanyl 
citrate was given, 200 to 300 ug/min IV. When the patient 
no longer responded to verbal commands (approximately 
1500 ug of fentanyl) pancuronium bromide, 10 mg IV, was 
given to facilitate endotracheal intubation. She received 
5000 ug (75.8 ug/kg) of fentanyl before the incision was 
made. Before induction, during surgery, and before cardi- 
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opulmonary bypass, the patient also received a total of 10 
mg IV diazepam in increments of 2.5 mg. During the 
cardiopulmonary bypass the patient's temperature de- 
creased to 28 C, but was maintained between 36-37 C the 
rest of the time. Arterial and venous blood gas tensions 
during the procedure were satisfactory. Anesthesia and 
surgery lasted 3 hours. After surgery, the patient had no 
awareness or recall of the events in the operating room. 

Six days following surgery, the patient developed accel- 
erating angina with electrocardiographic changes. Cardiac 
catheterization showed occlusion of the graft to the right 
coronary artery. The patient was scheduled for emergency 
aortocoronary bypass surgery. The preanesthetic pulse rate 
was regular at 90 beats per minute, blood pressure was 100/ 
50 torr, pulmonary arterial pressure 30/16 torr, and pul- 
monary capillary wedge pressure 14 torr. The electrocardi- 
ogram showed elevated ST segments in leads II, III and 
AVF. Other laboratory findings included an hematocrit of 
26%, serum potassium 3.7 mEq/L, and serum sodium 140 
mEg/L. Arterial blood samples showed a pH of 7.40, Pco, 
of 38 torr and Po, of 238 torr while breathing 5 L/min Os 
with a face mask. HCOs3” was 24 mEq/L. The patient was 
given morphine sulfate, 6 mg IM, 1 hour prior to surgery as 
premedication. 

Monitoring was essentially the same as the first anesthe- 
sia. Two peripheral veins were cannulated in the operating 
room with 16-gauge indwelling catheters. Following preox- 
ygenation, fentanyl citrate was given, 200 to 300 ug/min IV. 
When the patient no longer responded to verbal commands 
(approximately 1600 ug of fentanyl), pancuronium bromide, 
10 mg IV, was given to facilitate endotracheal intubation. 
She received 4250 ug of fentanyl before incision. During the 
cardiopulmonary bypass the patient's temperature de- 
creased to 28 C, but was maintained between 36-37 C the 
rest of the time. Immediately before termination of the 
cardiopulmonary bypass, an additional 500 pg of fentanyl 
citrate was administered. The total dose of fentanyl was 
4750 ug (72 pg/kg) for the 3% hours anesthetic. Arterial and 
venous blood gas tensions during the procedure were sat- 
isfactory. 

The immediate postoperative period was without com- 
plication. The endotracheal tube was removed on the first 
postoperative day at which time the patient informed the 
anesthesiologist that she had been awake during surgery. 
Upon questioning, she recalled conversations between the 
surgeon and the anesthesiologist during reopening the chest 
and during initiation of cardiopulmonary bypass, although 
she experienced no pain. She also recalled the closure of 
the chest and felt some burning sensation of the anterior 
chest wall. Her postoperative course was uneventful, and 
she was discharged on the tenth postoperative day. 


Discussion 
Patient awareness and recall is reported to occur in 
approximately 1% of those patients receiving general 
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anesthesia, and as much as 3.8% in elective cesarean 
sections under general anesthesia.? The case presented 
herein is, we believe, the first report of a patient 
experiencing awareness and recall using high-dose 
fentanyl-oxygen anesthesia. This case is different 
from other reports of surgical awareness in that it 
occurred with the second, but not the first, of the two 
aortocoronary bypass grafting procedures, which 
were 6 days apart.* For both procedures, the patient 
was anesthetized with high-dose fentanyl-oxygen in 
similar total amounts, 75.8 and 72 ug/kg. The only 
major difference between the anesthetics was that 10 
mg of diazepam was given during the first anesthesia. 

Whether the diazepam, with amnesic properties, 
prevented patient awareness and recall during the 
first anesthesia is not known. Lunn et al? noted the 
absence of awareness and recall in 18 patients receiv- 
ing high-dose fentanyl-oxygen anesthesia in a study 
of cardiovascular change associated with this anes- 
thetic technique. The patients reported by Lunn et al, 
received oral diazepam and intramuscular scopol- 
amine, both having amnesic properties, 90 minutes 
before incision. This might account for the absence of 
recall in their patients. Eisenberg et al,° on the other 
hand, found no patient awareness or recall using 
diazepam in combination with morphine, nitrous ox- 
ide, curare anesthesia. In another study, administra- 
tion of meperidine, diazepam, and hyoscine as pre- 
medications caused anterograde as well as retrograde 
amnesia in 85% to 95% of patients.’ 

Morphine sulfate when used in doses of 1 to 3 mg/ 
kg is not amnesic and does not produce consistent 
unconsciousness in man unless N:O or intravenous 
supplements are concurrently administered.? Fentanyl 
used in this patient amounted to 5000 ug (75.8 ug/kg) 


and 4750 ug (72 pg/kg) during first and second anes- 
thesias. These doses are approximately equal to mor- 
phine, 7.58 mg/kg and 7.2 mg/kg, respectively, based 
upon fentanyl being 100 to 200 times more potent 
than morphine, i.e., 100 ug of fentanyl = 10 mg of 
morphine. Unless the mechanism of these two nar- 
cotics is different, it should not be surprising to find 
that fentanyl, by itself, may not consistently produce 
amnesia or unconsciousness at these doses. Whether 
the previous exposure to high-dcse fentanyl anesthe- 
sia 6 days earlier may have induced tolerance in our 
patient is not known.” 

This case demonstrates that awareness and recall 
may occur during high-dose fentanyl-oxygen anes- 
thesia. 
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Surgical Removal of an 
Insulinoma 


Jeffrey J. Pulver, DDS,* Bruce F. Cullen, 
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An insulinoma is an insulin-secreting tumor of the 
pancreatic beta cells, first described by Harris in 
1924.’ Classically an insulinoma is associated with 
Whipple’s triad, which consists of: (1) a history of 
repeated episodes of symptomatic hypoglycemia as- 
sociated with, (2) concomitant blood glucose levels 
less than 50 mg/100 ml, and (3) relief of symptoms 
by the administration of glucose.” Diagnosis of insu- 
linoma is made by symptomatic fasting, tolbutamide 
challenge, arteriography, and inappropriately elevated 
fasting plasma insulin levels measured by radioim- 
munoassay. 

The administration of anesthesia for surgical re- 
moval of an insulinoma is challenging due to diffi- 
culties involved in maintenance of a normal level of 
blood glucose. Profound hypoglycemia can occur dur- 
ing manipulation of the tumor, whereas a marked 
elevation in blood glucose levels may occur following 
successful extirpation of the tumor. In the absence of 
repetitive blood glucose determinations, clinical as- 
sessment of those levels is extremely difficult due to 
masking effects of anesthesia and surgical stimula- 
tion? Furthermore, wide swings in blood glucose 
concentrations may result from anesthesia and sur- 
gery in the absence of an insulin-secreting tumor. 

The recent development of an artificial beta cell 
(Biostator, Miles Laboratories, Elkhart, IN) allows for 
improved control of patients with insulinomas 
through the device's ability to analyze blood glucose 
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concentrations continuously and, by means of a 
closed loop computerized control system, to infuse 
insulin or glucose in quantities sufficient to maintain 
a preset constant blood glucose level.’ 

Following is a case report in which the artificial 
beta cell was utilized to maintain normal blood glu- 
cose in a patient who underwent partial pancreatec- 
tomy for removal of an insulinoma. 


Case Report 


The patient was a 26-year-old woman with a 14-year 
history of intermittent episodes of dizziness, fainting, and 
seizures. She had been treated with phenytoin and pheno- 
barbital for a supposed seizure disorder. A diagnosis of 
insulinoma was made on the basis of Whipple's triad, 
inappropriately high plasma insulin concentrations in the 
presence of hypoglycemia, and selective pancreatic angiog- 
raphy. 

On the night before surgery, an intravenous infusion of 
5% dextrose in water was started. The next morning the 
patient was premedicated with meperidine and hydroxy- 
zine. Before induction of anesthesia, an 18-gauge double- 
lumen catheter was inserted into a vein in the antecubital 
fossa and connected to the artificial beta cell. Anesthesia 
was induced with thiopental, followed by succinylcholine 
for endotracheal intubation, and maintained with halothane, 
nitrous oxide, and oxygen. Muscle relaxation was achieved 
with pancuronium. | 

Before induction of anesthesia, the patient's blood glu- 
cose was 34 mg/100 ml due to excess insulin being secreted 
by the tumor and to inadequate glucose replacement (Fig 
1). Despite this low blood glucose level, the patient was 
awake with a normal mental status. Dextrose was infused 
at a high rate by the artificial beta cell at which time the 
blood glucose levels increased and were stablized in the 70- 
to 80-mg/100 ml range. Following induction of anesthesia, 
a lower rate of infusion of dextrose was required to maintain 
normal blood glucose levels. During manipulation and re- 
section of the tumor, a slight increase in dextrose delivery 
was noted, probably due to the transient increase in insulin 
levels. Complete removal of the tumor was confirmed by a 
marked decrease in the rate of dextrose infusion and a 
subsequent gradual elevation of blood glucose levels to 96 
mg/100 ml. 

After surgery, blood glucose levels remained slightly 
above normal for several days, but gradually returned to 
normal levels. The patient has not experienced any further 
hypoglycemic episodes. Histologic evaluation of the tumor 
revealed a benign islet cell adenoma. 


Discussion 


The computer-controlled glucose analyzer and in- 
fusion system (artificial beta cell) was effective in 
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Fig 1. Blood glucose levels and dextrose infusion rates during 
surgical removal of the tumor. Note the variable dextrose infu- 
sion rates required to maintain a constant glycemia. 


maintaining normal blood glucose levels during the 
surgical procedure. Details of the instrument’s oper- 
ation have been published previously.” Its component 
parts include: (1) a pump to withdraw blood auto- 
matically, (2) a glucose analyzer for continuous assay 
of blood glucose concentrations, (3) a computer with 
programmed algorhythms to calculate the amount of 
dextrose or insulin to be infused, (4) a computer- 
controlled infusion pump, and (5) a printer-plotter 
which provides a minute-to-minute record of glucose 
concentrations and the amount of dextrose or insulin 
being infused (Fig 2). The lag time between blood 
withdrawal and determination of blood glucose con- 
centrations is 90 seconds. The instrument requires 
only 50 ml of blood per 24 hours. The computer 
allows the unit to respond not only to the absolute 
blood glucose levels, but also to the rate of change in 
glucose concentrations. 

Without the availability of a continuous glucose 
analyzer, the anesthetic management of patients with 
an insulinoma can be difficult.*" Before removal of 
the tumor, the patient may develop profound hypo- 
glycemia. Early signs of hypoglycemia under anesthe- 
sia are those of sympathetic stimulation such as hy- 
pertension, tachycardia, sweating, etc. Later on, the 
development of serious cerebral hypoglycemia may 
lead to seizures, hypotension, and coma. Unfortu- 
nately, most of these signs may be masked by anes- 
thesia or surgical stimulation. 

The problem is further complicated by the fact that 
anesthesia and surgery may affect glucose concentra- 
tions independent of disorders in pancreatic function. 
General anesthetics may induce a state of relative 
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glucose intolerance, possibly due to an inhibitory 
effect of anesthetics on glucose transport across cell 
membranes.® Furthermore, anesthesia or surgery may 
lead to increased sympathetic activity and increased 
hepatic glycogenolysis. Finally, anesthesia and sur- 
gery may be associated with changes in plasma levels 
of corticosteroids, changes ir. renal function, and 
changes in tissue gas tensions, all of which may alter 
carbohydrate metabolism. The greatest disturbances 
of blood glucose levels can be expected during ether 
and cyclopropane anesthesia, whereas lesser effects 
are seen during halothane, enflurane, or balanced 
anesthesia. Regional anesthesia is associated with little 
or no alteration in blood glucose levels. 

The ability to measure blood glucose levels at 
frequent intervals should also be of benefit when 
anesthetizing the patient with brittle diabetes mellitus. 
The need for effective control of blood glucose levels 
in the diabetic patient is well supported since hyper- 
glycemia may lead to ketoacidosis, coma, impaired 
wound healing, and increased myocardial oxygen de- 
mand.? Inadvertent insulin overdose and hypoglyce- 
mia, on the other hand, can seriously compromise 
glucose-dependent cerebral metabolism. A number of 
methods have been advocated for control of blood 
glucose in the diabetic patient undergoing anesthesia 
and surgery, but they only apply to the “typical” 
patient. When a patient is encountered with brittle, 
insulin-dependent diabetes, use of an artificial beta 
cell would be a safe, convenient, and more effective 
alternate method for ensuring maintenance of normal 
blood glucose concentrations." 

Patients with an insulin-secreting tumor or brittle 
diabetes mellitus present a difficult challenge for the 
anesthesiologist. In order to correct for the effect of 
these conditions on blood glucose levels, plus the 
effect of multiple other factors such as the anesthetic, 
the sympathetic response to stress, etc, it is essential 
that blood glucose concentrations be measured at 
frequent intervals and that dextrose or insulin be 
infused in carefully titrated amounts. The artificial 
beta cell fulfills these requirements and, as described 
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in the above case report, greatly facilitates the intra- 
operative care of these patients. 


REFERENCES 


. Harris S: Hyperinsulinism and dysinsulinism. JAMA 83:729- 
733, 1924 l 

. Whipple AO: Hyperinsulinism in relation to pancreatic tumors. 
Surgery 16:289-305, 1944 

. Fraser R: Hyperinsulinism under anaesthesia. Anaesthesia 18: 
3~8, 1963 

. Albisser AM, Leibel BS, Ewart TG, et al: An artificial endocrine 
pancreas. Diabetes 23:389-396, 1974 

. Clemens HA, Chang PH, Myers RW: The development of 


10. 


Biostator, a glucose controlled insulin infusion system (GCIIS). 
Horm Metab Res [Suppl] 7:23-33, 1977 


. Chari P, Pandit SK, Kataria RN, et al: Anaesthetic management 


of insulinoma. Anaesthesia 32:261-264, 1977 


. Hargadon JJ, Ormston TOG: Anaesthesia for excision of islet- 


cell tumour of the pancreas. Br J Anaesth 35:807-810, 1963 


. Wright PD, Henderson K, Johnston IDA: Glucose utilization 


and insulin secretion during surgery in man. Br J Surg 61:5-8, 
1974 . 


. Woodruff RE, Lewis SB, McLeskey CH, et al: Avoidance of 


surgical hyperglycemia in diabetic patients. JAMA 244:166- 
168, 1980 

Schwartz 55, Horwitz DL, Zehfus B, et al: Use of a glucose 
controlled insulin infusion system (artificial beta cell) to control 
diabetes during surgery. Diabetologia 16:157-164, 1979 





Exposure to Trace Anesthetic Gases in Dentistry 


A mail survey of 30,650 dentists and 30,547 chair-side assistants grouped according to occupational 
exposure to inhalation anesthetics and sedatives in the dental operatory indicated increased general 
health problems and reproductive difficulties among respondents exposed to anesthetics. For male 
dentists who were heav.ry exposed to anesthetics, the increase in liver disease was 1.7-fold, in kidney 
disease 1.2-fold, and in neurologic disease 1.9-fold. Among wives of male dentists who were heavily 
exposed to anesthetics, the increase in spontaneous abortion rate was 1.5-fold. Among female chair- 
side assistants who were hwavily exposed to anesthetics, the increase in liver disease was 1.6-fold, in 
kidney disease 1.7-fold, and in neurologic disease 2.8-fold. The increase in spontaneous abortion rate 
among assistants who were heavily exposed was 2.3-fold. Cancer rates in women heavily exposed to 
inhalation anesthetics were increased 1.5-fold but this finding was not statistically significant (p = 
.06). Separate analysis of the data for disease rate and birth difficulties by type of inhalation anesthetic 
indicated that in both dentists and chair-side assistants chronic exposure to nitrous oxide alone is 
associated with an increased rate of adverse response. Despite the recognized limitations of a mail 
questionnaire, data from the present study provide further important evidence of a significant increase 
in both reproductive and general health risks associated with long-term exposure to anesthetic gases 
in the dental operatory. At the same time, alternative explanations and interpretations must be 
considered. These include possible differences in composition of the groups of users and nonusers, 
significant variations in their patient population, differences in the level of stress accompanying 
administration of inhalation anesthetics, and other factors. The authors conclude, however, that such 
possibilities seem less likely and that a causal association with long-term exposure to the trace 
anesthetic gases, specifically to nitrous oxide, would seem to most reasonably explain the observed 
findings. (Cohen EN, Gift HC, Brown BW, et al: Occupational disvase in dentistry and chronic 
exposure to trace anesthetic gases. ] Am Dent Assoc 101:21-31, 1980) 
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Median Nerve 
Compression following 


Radial Arterial Puncture 


Gordon Marshall, DMD,* 
Gerald Edelstein, MD,7 and 
Carol A. Hirshman, MD 


Insertion of indwelling arterial catheters has be- 
come a valuable procedure for blood pressure moni- 
toring and for measurement of blood gas tensions 
during anesthesia. 

This report describes sensory loss in the distribu- 
tion of the median nerve following attempted percu- 
taneous radial artery cannulation. This complication 
has not been noted in several large series’ * describing 
complications associated with this procedure. We 
postulate that median nerve dysfunction arose from 
compression of the nerve in the carpal tunnel by 
blood leaking from the punctured radial artery. 


Case Report 


A 40-year-old healthy man was scheduled for an explor- 
atory laparotomy and possible abdominoperineal resection 
for recurrent adenocarcinoma of the colon. Routine labo- 
ratory tests, including coagulation studies, were normal. 
Anesthesia was induced with thiopental and endotracheal 
intubation facilitated with succinylcholine. Anesthesia was 
maintained with halothane, N2O-Oe (3:2); relaxation was 
achieved with pancuronium. Patency of the radial and ulnar 
arteries in both extremities had been demonstrated by a 
preoperative Allen’s test.* The patient's right hand was 
dorsiflexed over a rolled towel and the area over the right 
radial artery was cleansed. Several attempts to cannulate 
the radial artery were made with a #20-gauge Teflon cath- 
eter. The artery was entered on at least one occasion, but 
cannulation was unsuccessful. External compression of the 
artery was performed and the hand placed in a neutral 
position. The contralateral radial artery was then success- 
fully cannulated. No hematoma was evident over the right 
radial artery during surgery or during an uneventful stay in 
the recovery room. Although no radial artery pulse was 
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evident on the right side distal to the puncture sites during 
and immediately following surgery, the hand appeared 
warm and pink. 

The following day the patient complained of numbness 
in his right hand which corresponded with distribution of 
the median nerve (Figure). Sensory loss to the right median 
nerve was determined by diminished response to pin prick. 
No decrease in motor function was observed. At the time of 
initial observation, 1 day postoperatively, an area of echy- 
mosis was noted on the flexor surface of the right wrist. A 
strong radial artery pulse was palpable distal to the at- 
tempted cannulation sites. The hand was warm with no 
evidence of pallor or cyanosis. The sensory loss in the right 
hand resolved almost completely, but not totally, over the 
next 5 days of observation. 

The patient was discharged 14 days following surgery 
with minimal residual sensory loss in the right hand, which 
totally resolved over the next 8 weeks. 

One month after discharge, the nerve supply to the 
thenar muscles was evaluated. Stimulation of the ulnar 
nerve at the wrist with a peripheral nerve stimulator NS-2 
(Professional Instruments Co, Houston, TX) produced con- 
tractions of the thenar muscles. 


Discussion 


Considering the large numbers of percutaneous 
arterial cannulations performed, relatively few com- 
plications involving the hand have been reported. The 
vast majority of these complications are thought to be 
the result of thrombotic or embolic vascular insuffi- 
ciency.’ 

Our experience in the present case indicates that 
median nerve compression by blood in the carpal 
tunnel is possible? Similar median neuropathy fol- 
lowing radial artery cannulation has been diagnosed 
using motor nerve conduction studies in two newborn 
infants and confirmed at postmortem examination in 
one infant. Neuropathies induced by hemorrhage in 
patients who are receiving anticoagulant therapy have 
also been reported.*® Two of these cases* involved 
the median nerve and were associated with percuta- 
neous puncture of the brachial artery. There are, 
however, no previous reports of loss of sensory func- 
tion of the median nerve following radial arterial 
cannulation in adults. 

It is unlikely that the sensory deficit in the distri- 
bution of the median nerve in our patient resulted 
from direct damage to the nerve, as our needle marks 
were at least 1 cm from the usual position of the 
median nerve. Second, the wrist was not left in a 
dorsiflexed position for the duration of the case, thus 
making stretch injury of the nerve unlikely. Third, 
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FiGURE. Anterior and posterior aspects of right hand. Stippled 
area demonstrates the area of sensory deficit. 


the neuropathy almost resolved in a week. And, 
fourth, an area of echymosis was seen on the skin of 
the wrist overlying the area of the median nerve. 
Although no definite cause and effect relationship 
was demonstrated, it seems plausible that median 
nerve dysfunction resulted from compression of the 
nerve in the carpal tunnel by blood leaking from the 
radial artery puncture site. 

To gain access to the hand, the median nerve must 
pass deep to the flexor retinaculum, which forms the 
anterior border of the carpal tunnel, a limited space. 
Compression of the nerve can result from any lesion 
that occupies space within the tunnel or diminishes 
its cross-sectional area. This produces both sensory 
impairment in the distribution of the median nerve, 
and often motor impairment to the thumb,” as the 
median nerve does not usually divide into its motor 
and sensory branches until emerging from the carpal 
tunnel. 

Our patient did not exhibit any motor impairment. 
It is possible that the motor fibers are more resistant 
to pressure than the sensory fibers. A more likely 
explanation is that the nerve supply to the thenar 
muscles in our patient was partially via the ulnar 
nerve. This is a normal variant. In one study 77% of 
the patients had innervation of the thenar muscles by 
branches of the ulnar nerve that anastomosed with 
the recurrent branch of the median nerve in the 
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hand." Subsequent testing in our patient demon- 
strated thenar contraction to ulnar nerve stimulation. 

Transient median nerve compression may be of . 
little significance, but if permanent nerve damage 
ensues, a functional deficit of the hand could result. 
It could be speculated that thenar wasting, which is 
not infrequently observed after radial artery cannu- 
lation in intensive care units, results from neural 
rather than vascular insufficiency.? 

In conclusion, a case of median nerve compression 
following radial artery puncture is reported. It is 
suggested that multiple attempts at radial artery can- 
nulation be limited. Unsuccessful entries into the 
artery should be followed by periods of compression 
to prevent hematoma formation. 
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Burkitt's Lymphoma 
and Malignant 
Hyperthermia 


To the Editor: 


I have difficulty accepting the as- 
sociation between malignant hyper- 
thermia (MH) susceptibility and 
Burkitt's lymphoma as reported by 
Lees et al.! 

The basis for the clinical diagnosis 
of MH seems weak. Although cardio- 
vascular instability was reported 
along with an increase in temperature, 
documentation of a hypermetabolic 
state with arterial blood gases and pH 
is lacking. Additionally, I would ex- 
pect that an episode of MH severe 
enough to result in cardiac arrest 
would be associated with a significant 
elevation in serum creatine phos- 
phokinase and myoglobin. 

The diagnosis of MH was said to 
be confirmed by testing of the pa- 
tient's skinned single muscle fibers 
by the method of Wood.? However, 
this reference does not describe a di- 
agnostic test for MH. 

Until more specific information is 
available, I must remain skeptical 
about this association. 


E. H. Flewellen, MD 

Department of Anesthesiology 

The University of Texas 
Medical Branch 

Galveston, Texas 77550 
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Local Anesthetic 
Toxicity 
To the Editor: 


We are concerned about the recent 
reports of neurotoxicity after the use 
of 2-chloroprocaine for regional an- 
esthesia. In a recent issue authors 
have admonished that, "we remain 
concerned about the prolonged neu- 
rologic deficit following an appar- 
ently uneventful epidural anesthetic 
without subarachnoid entry," and, 
"extreme caution in the use of 3% 2- 
chloroprocaine for epidural anesthe- 
sia is warranted until laboratory data 
can explain this phenomenon."^ We, 
too, are concerned about this poten- 
tial hazard and take issue with the 
preventions and treatments recom- 
mended in the editorial by Covino et 
al; some of the recommendations do 
not address the primary problem. 

Careful testing to rule out inad- 
vertent intrathecal placement of the 
extradural catheter (recommendation 
1) is now, and always has been, a part 
of good technique. However, place- 
ment of the catheter intrathecally can 
still occur and can go unrecognized as 
reported by Ravindran et al.’ More- 
over, complications occurred in two 
patients in whom evidence for in- 
trathecal injection was inconclusive. 

We agree that avoiding the injec- 
tion of a large, single dose of a drug 
(recommendation 2) through a cath- 
eter is prudent and that repeated, 
fractional doses should be used. 

The use of anesthetic solutions 
with a high pH when a dural puncture 
precedes catheterization (recommen- 
dation 3) implies that 2-chloropro- 
caine should be avoided altogether. 

Intrathecal irrigation with physio- 
logic saline and removal of cerebro- 
spinal fluid (recommendation 4) is not 
a proven method of treatment. 

Contrary to the conclusion of the 
editorial, we believe it is possible that 
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these complications could be related 
to the drug itself rather than to errors 
of anesthetic technique. Therefore, it 
would seem prudent to avoid using 2- 
chloroprocaine for epidural anesthe- 
sia until the drug is proven safe. Cur- 
rently, we do nct use this drug for 
epidural anesthesia. 


Charles P. Gibbs, MD 
Edwin 5. Munson, MD 
Department cf Anesthesiology 
University of Florida 

College of Medicine 
Gainesville, Florida 32610 
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Deaths from Local 
Anesthetics 


To the Editor: 


The recent paper by DeJong and 
Bonin’ presents interesting data re- 
garding local anesthetic-induced con- 
vulsions and death. However, the 
comment that “a convulsion from bu- 
pivacaine is potentially 15 times more 
life-threatening than one from lido- 
caine under conditions of this exper- 
iment” deserves greater explanation. 
“Under conditions of this experi- 
ment,” the authors made no attempt 
to oxygenate or ventilate the mice 
tested: in the c.inical context, venti- 
latory support is generally included 
as part of overall drug treatment. In 
my experience with unanesthetized 
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primates, local anesthetic-induced 
seizures with lidocaine, bupivacaine, 
prilocaine, mepivacaine, and etido- 
caine, when intravenously adminis- 
tered, never caused death when ven- 
tilatory support was also adminis- 
tered. Furthermore, in many experi- 
ments that included direct measure- 
ment of peripheral arterial blood 
pressure and ECG monitoring, blood 
pressure and heart rate were main- 
tained at or above control values. 
These observations indicate that the 
cardiovascular systems of mice and 
rhesus monkeys do not respond in 
the same way to injections of local 
anesthetics. Such a discrepancy is 
suggested also by the authors’ find- 
ings that, on a milligram per kilogram 
basis, bupivacaine is almost twice as 
toxic to the central nervous system as 
lidocaine. Our data indicate that bu- 
pivacaine toxicity to the central nerv- 
ous system may be 5 times as great as 
that of lidocaine.” * 


Edwin S. Munson, MD 
Department of Anesthesiology 
University of Florida 

College of Medicine 
Gainesville, Florida 32610 
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To the Editor: 


Dr. Munson is absolutely correct 
in pointing out that our qualifier 
",.. under conditions of this experi- 
ment" meant that the local anesthetic 
was given to unmedicated mice in 
which no attempt at resuscitation was 
made. Dr. Munson is equally correct 
in pointing out that ventilated animals 
tolerate a much larger dose of intra- 
venous local anesthetic. In experi- 
ments to be reported, for instance, 
not one of 75 ventilated cats died 
when given twice the intravenous 
convulsant dose of lidocaine, etido- 
caine, or bupivacaine (though most 
showed severe multifocal ventricular 
arrhythmias from the latter two 
drugs). And in studies with procaine- 
induced convulsions, four of six un- 
treated dogs died, whereas six other 
mechanically ventilated dogs sur- 
vived repeated seizures.! 

We do take exception, however, 
with the notion that the cardiovascu- 
lar systems of mice and monkeys dif- 
fer. If our mice were ventilated with 
oxygen, we daresay, the mortality 
would have been much lower. And 
conversely, if the above dogs, our 
cats, and Dr. Munson's monkeys had 
not been given oxygen and their ven- 
tilation assisted, they too would have 


died in larger numbers. In fact, two of 
four monkeys breathing oxygen but 
not being ventilated died (one from 
lidocaine, the other from lidocaine... 
plus etidocaine) as reported by Mun- 
son and colleagues.* We, therefore, 
think that increased survival is the 
result of improved oxygenation rather 
than of interspecies differences. — — 

We attribute the disparity in bu- 
pivacaine-lidocaine toxicity ratios to 
differences in site of injection (intra- 
peritoneal vs intravenous) as reported 
in this issue." We also convert milli- 
grams per kilogram doses to milli- 
grams per square meter and show that 
toxicity in mice and man turns out to 
be comparable. 

We thank Dr. Munson for helping 
us reemphasize that local anesthetic- 
induced convulsions are a very seri- 
ous threat to life if left untreated. 


Rudolph H. de Jong, MD 
Department of Anesthesiology 
Tufts University 

School of Medicine 
Boston, Massachusetts 02111 
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Pharmacology of Gangli- 
onic Transmission, Vol- 
ume 53, edited by D. A. 
Kharkevich, Secaucus, 
NJ, Springer-Verlag, 
1980, 531 pp, $134.75. 


This book on the pharmacology of 
ganglionic transmission is volume 53 
of a series entitled Handbook of Ex- 
perimental Pharmacology. This vol- 
ume is a multiauthored text edited by 
D. A. Kharkevich. The list of authors 
is international in composition with 
five of the 17 authors from the Soviet 
Union, four from England, and five 
from the United States. Despite the 
problems of many authors from sev- 
eral countries, the editor has done an 
excellent job; the quality of writing is 
generally superior, and the figures 
and text have been nicely reproduced. 

The purpose of this book is to pre- 
sent the results of pure and applied 
research in this field and to consider 
prospectives for development. With 
all the new information available on 
anatomy and function of ganglionic 
receptors, such a book would be wel- 
come. Unfortunately, this book does 
not meet its lofty goal. For example, 
the first chapter deals with the mor- 
phology and physiology of ganglionic 
transmission, and it concludes that 
the functions of adrenergic receptors 
are not clear. Yet the authors fail to 
acknowledge the presence of different 
types of adrenergic receptors, a factor 
that is vital in understanding current 
concepts of adrenergic pharmacology. 

Further examination of the book 
reveals its main deficiency. With a 
couple of exceptions, it is not up-to- 
date. In Chapter 3, methods for ex- 
amining ganglion-blocking activity 
are described. Traditional pharmacol- 
ogy before 1970 is presented. For ex- 
ample in Table 2 of that chapter, the 
type and mode of action of different 
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ganglionic stimulant agents are sum- 
marized. Of 48 references, only eight 
are less than 10 years old; the most 
recent reference is from 1974. In 
Chapter 7, which deals with the action 
of ganglion-blocking agents in the 
gastrointestinal tract, only five of 83 


_ references are less than 10 years old. 


In Chapter 15, the use of ganglion- 
blocking drugs in anesthesia is de- 


. Scribed by two authors (Bunatian and 


Meshcherjakov) from the Soviet Un- 
ion. The chapter is well written; it is 
interesting to read about the anes- 
thetic approach in a country with a 
culture so different from our own. 
However, in a practical sense, this 
chapter is of little value. The only 
inhalation anesthetics mentioned are 
cyclopropane and halothane. The 
only ganglion-blocking drugs men- 
tioned are trimethaphan, Hygronium, 
hexamethonium, and Pendiomid. 

In summary, this book is excellent 
for those interested in an interna- 
tional, traditional description of the 
pharmacology of ganglionic transmis- 
sion. However, for a current and con- 
cise description of the basic and clin- 
ical pharmacology of ganglionic 
transmission, the anesthesiologist is 
advised to seek another source. 


Ronald D. Miller, MD 

Professor 

Departments of Anesthesia 
and Pharmacology 

University of California 

San Francisco, CA 


Obstetric Analgesia and 
Anesthesia: Monographs 
in Anaesthesiology, Vol- 
ume /7, edited by G. F. 
Marx and G. M. Bassell, 
New York, Elsevier/North- 
Holland Biomedical Press, 
1980, 415 pp, $75.50. 
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As anesthesiologists have become 
increasingly involved in the manage- 
ment of obstetrical patients during the 
last two decades, there has been a 
burgeoning of investigative activity in 
this subspecialty of anesthesia. Nu- 
merous texts have been published in 
recent years to update the changes 
that have evolved in the management 
of these patients, particularly in re- 
gional anesthesia and in fetal and ma- 
ternal physiology. 

Doctors Marx and Bassell have 
elicited many leaders in the specialty 
to present an up-to-date overview of 
obstetric anesthesia. The contributors 
are personally involved both nation- 
ally and internationally in almost ev- 
ery major seminar, anesthesia meet- 
ing, or cooperative research project 
dealing with the specialty. Their ex- 
pertise in the areas is supplemented 
by excellent references, most of which 
represent publications of the last 8 
years. Concepts in management such 
as general vs regional anesthesia for 
cesarean section and vaginal delivery, 
and ketamine vs thiopental for induc- 
tion and maintenance anesthesia are 
presented with good detail and leave 
the reader to develop his own opinion 
and conclusion in such matters. 

The chapters are written with a 
degree of homogeneous style and 
ease of readability that is sometimes 
lacking in a multiauthored text. This 
reader found the presentation of ma- 
terial in the chapters on "Effects of 
Pain on Mother, Labor and Fetus,” 
"Physiologic Considerations of 
Uterus and Placenta," and "Infant Re- 
suscitation" especially well done. Al- 
though topics of particular research 
or clinical interest of the individual 
contributors are treated with clarity 
and considerable detail, the text lacks 
some other important clinical areas of 
obstetric anesthesia. Notable among 
these are pharmacology and toxicity 
of local anesthetics, details and vari- 
ables of techniques of regional anes- 
thesia, the basics for choices of local 
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anesthetics, and the pathophysiology 
of various forms of heart disease. 
These subjects are glossed over in the 
book leaving the reader to seek out 
further information from listed ref- 
erences, 

An interesting historical review of 
obstetric anesthesia is presented in 
the early portion of the text, but such 
material has-been exhaustively dis- 
played in published texts of obstetric 
anesthesia and offers nothing new to 
the student of anesthesia. In contrast, 
no mention is made of the existing 
challenges of providing obstetric an- 
esthesia in the United States today. 

In summary, this compact text pro- 
vides an excellent frame of reference 
for the management of the major clin- 
ical problems of present day obstetric 
anesthesia. Although it is not a com- 
plete treatise of the subject, it covers 
most of the pertinent areas. Its sus- 
tained popularity will undoubtedly 
depend on continuous revision as 
new developments appear in this rap- 
idly developing subspecialty. 

Robert H. Hall, MD 
Clinical Professor 

of Obstetric Anesthesia 
Department of Anesthesiolagy 
University of Utah 

College of Medicine 
Salt Lake City, UT 


Hospital Electrical Safety 
Simplified, by R. B. 
Spooner, Research Trian- 
gle Park, NC, Instrument 
Society of America, 1980, 
144 pp, $7.95. 
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This is an easy-to-read and simple 
approach to electrical safety. Chapters 
1 to 3, 8, and 12 are purely electrical, 
and although the contents may re- 
pulse the average clinician, they are 
a must in order to understand the 
remainder of the book. 

The other chapters contain the 
common electrical safety problems 
with appropriate solutions. Terms are 
well described in the glossary and 
should enhance communication with 
safety personnel. 

This book is not a reference book 
of electrical safety, but could be ex- 
tremely useful as a teaching guide for 
institutional electrical safety in-serv- 
ice programs directed at both physi- 
cians and nurses. 

Ray J. Nichols, Jr., MD 
Professor and 

Assistant Chairman 
Department of Anesthesiology 
University of Texas 

Medical Branch 
Galveston, TX 


BOOK NOTE 
ed NET 


International Anesthesiol- 
ogy Clinics: Intermittent 
Mandatory Ventilation, 
Volume 18, Summer, 
1980, edited by R. R. 
Kirby, and G. B. Graybar, 
Boston, Little, Brown & 
Co., 1980, 196 pp, 
$40.00/year. 


This short book is a detailed review 
of the subject of intermittent manda- 
tory ventilation (IMV) including his- 
torical perspectives, hardware fea- 
tures, clinical applications, and phys-~ 
iologic effects. 


BOOKS RECEIVED 
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Lecture Notes on Respiratory Disease, 
Second edition, by R. A. L. Brewis, St. 
Louis, Blackwell Scientific Publications, 
1980, 312 pp, $17.75. 


Persistent Pain: Modern Methods of 
Treatment, Volume 2, by S. Lipton, New 
York, Grune & Stratton, Inc., 1980, 398 pp, 
$49.50. 


International Anesthesiology Clinics: 
Anesthetic Side Effects and Complica- 
tions: Seeking, Finding, and Treating, ed- 
ited by W. D. Owens, Boston, Little, 
Brown & Co., 1980, 205 pp, $40.00/year. 


Parenteral & Enteral Nutrition, by G. P. 
Phillips & C. L. Odgers, South Australia, 
The Flinders University of South Aus- 
tralia, 1980, 105 pp, $8.75. 


Anesthesia for Infants and Children, 
Fourth edition, by R. M. Smith, 5t. Louis, 
CV Mosby Co., 1979, 702 pp, $45.00. 


. ABSTRACTS 


Variability of Anesthetists’ Judgments of Fitness for Surgery 


Ten anesthetists were asked to make judgments independently on fitness for elective operation on 
data derived from 200 patients. The extent of their agreement was measured using a kappa statistic, 
and clusters of anesthetists who were in general agreement with each other were identified. For the 
most part, there was marked variability of opinion between members of the group. Using an 
alternative technique, the “true” fitness category of each patient was estimated using a maximum 
likelihood method which estimated the error involved in making judgments on limitec amounts of 
information. It was possible to compare the performance of each anesthetist against the consensus 
and to measure deviation on an “optimism-pessimism” continuum. A simple questionnaire predicted 
fitness for operation by all 10 anesthetists in 96% of the cases. This analysis technique would allow 
an anesthetist to be compared with his peers, making possible critical appraisal of a portion of his 
ap; oach to preoperative assessment. (Wilson ME, Williams NB, Baskett PJF, et al: Assessment of 
fitness for surgical procedures and the variability of anaesthetists' judgments. Br Med ] 280:509 -512, 
1980) 


Nitrogen Dioxide Toxicity 


Twenty-four men were refueling a missile when a large spill of the oxidizer liquid nitrogen tetroxide 
occurred. Nitrogen tetroxide volatilizes, giving off reddish-brown vapors containing nitrogen tetroxide 
and nitrogen dioxide. Three crewmen were exposed to very high concentrations of the oxides of 
nitrogen. One died within minutes. Severe respiratory distress syndrome developed in the other two, 
one of whom survived. Twenty-one other workers were exposed to minimal to moderate concentra- 
tions of the gas. Most remained asymptomatic; six had shortness of breath, cough, or hemoptysis. 
The three with persistent symptoms received corticosteroid therapy; the complaints resolved in two. 
Corticosteroid therapy for four asymptomatic patients who had moderate hypoxemia 2 weeks after 
the accident may have aborted the second stage of nitrogen dioxide injury. (Yockey CC, Eden BM, 
Byrd RB: The McConnell missile accident: clinical spectrum of nitrogen dioxide exposure. ; AMA 244: 
1221-1223, 1980) 


Respiratory Care following Upper Abdominal Surgery 


Incentive spirometry, as a method of preventing postoperative atelectasis, was compared with 
intermittent positive-pressure breathing (IPPB) and resistance breathing (blow glove) in 126 patients 
undergoing elective upper-abdominal surgery, most of whom had cholecystectomy. Patients were 
randomly assigned to one of the three treatment groups. Treatment was begun as soon as the patient 
was awake and alert enough to cooperate. It was then continued at a frequency of four times daily, 
spread out during the waking hours, for 15 to 20 minutes through the third postoperative day. There 
was no statistically significant difference in the incidence of atelectasis among the three groups, who 
were matched for age, sex, smoking history, previous respiratory disease, and duration of surgery. 
There was a significantly higher incidence of atelectasis in patients over the age of 50 years ( p — 
0.004) than in younger subjects, in whom incidence was not different among the three groups. 
Incentive spirometric therapy, as used in this study, offered no advantage over the other methods of 
treatment. (Jung R, Wight J, Nusser R, et al: Comparison of three methods of respiratory care 
following upper abdominal surgery. Chest 78:31-35, 1980) 
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References. (The following style will appear in the journal 
effective volume 60, January 1981.) Number references consecu- 
tively in the order in which they are first mentioned in the text. 
Identify references in text, tables, and legends by arabic numerals 
(in parentheses). References cited only in tables or in legends to 
figures should be numbered in accordance with a sequence estab- 
lished by the first identification in the text of the particular table or 
illustration. 

Use the form of references adopted by the U.S. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
style used in Index Medicus, Consult the “List of Journals Indexed,” 
printed annually in the January issue of Index Medicus. 

Avoid abstracts as references; “unpublished observations” and 
"personal communications" may not be used as references, al- 
though references to written, not verbal, communications may be 
inserted (in parentheses) in the text. Include among the references 
manuscripts accepted but not yet published; designate the journal 
followed by “in press" (in parentheses). Information from manu- 
scripts submitted but not yet accepted should be cited in the text 
as "unpublished observations" (in parentheses). 

References must be verified by the author(s) against the original 
documents. 

Examples of correct forms: 


fournal 


1. Standard Journal Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 


Soter NA, Wasserman 5l, Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold challenge. N Eng! J Med 1976;294:687-90. 

2. Corporate Author 


The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determination of gamma-glutamyltransferase in blood. Scand J Clin Lab 
Invest 1976;36:119-25. 


Anonymous. Epidemiology for primary health care. Int J Epidemiol 
1976;5:224-5. 
Books and Other Monographs 


3. Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 

4. Corporate Author 
American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 

5. Editor, Compiler, Chairman as Author 


Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 


6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 


ganisms. In: Sodeman WA ]r, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 
National Center for Health Statistics. Acute conditions: incidence and 
associated disability, United States July 1968-June 1969. Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital and health statistics. 
Series 10: Data from the National Health Survey, no. 69) (DHEW 
publication no. (H5M)72-1036). 


Tables. Type each table on a separate sheet; remember to double 
space. Do not submit tables as photographs. Number tables con- 
secutively and supply a brief title for each. Give each column a 
short or abbreviated heading. Place exp.anatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
symbols in this sequence: *, t, 4, 8, |, L #, **, ti... . Identify 
statistical measures of variation such as SD and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited witk. the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such table for consideration with the manuscript. 

Illustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenograrms, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12 7 by 17.3 cm (5 by 7 in) but 
no larger than 20.3 by 25.4 cm' (8 by 10 in). Letters, numbers, and 
symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, ex- 
cept for documents in the public dornain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, send 
two positive color prints to assist ed:tors in making recommenda- 
tions. Some journals publish illustrat:ons in color only if the author 
pays for the extra cost. 

Legends for Illustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols; arrows, numbers, or 
letters are used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photemicrographs. 

Abbreviations. Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, length, time, temperature, e.ectric current, and luminous 
intensity, Do not synthesize new or unusual abbreviations. When 
many abbreviations are used, include all in a box of definitions at 
the start of the article. 


SIP 


CLEVELAND CLINIC 
PAIN CLINIC FELLOWSHIP 
WEST VIRGINIA 


Department of Cardio-Thoracic Anesthesia 


Positions available for “Clinical Fellow” at the Cleveland 
Clinic Foundation, Department of Cardio-Thoracic An- 
esthesia in July, 1980, January, 1981 and July, 1981. 
The positions are for dedicated anesthesiologists who 
have finished residency and desire advanced training in 
all aspects of anesthesia and monitoring for cardiac and 
thoracic surgery and cardiac intensive care. The patient 
population is large in number and in the variety of 
pathology presented. Research facilities available for 
interested candidates. The appointments are for one year 
or more. Attractive starting salaries commensurate with 
previous training. Interviews will be arranged at our 
expense.. We are an equal opportunity employer. 
Please send curriculum vitae and reference sources to: 


Pain Clinic Fellowship commencing July 1, 1981 
available to applicant with three years post graduate 
training in anesthesiology. Multi-disciplined Pain 
Clinic, seeing approximately 2,500 patients yearly, 
25% of whom are new patients. Clinic based on out- 
patient model with in-house beds available. Regular 
staff includes three anesthesiologists, a psychiatrist, 
and two clinical psychologists. Ancillary services 
include physical therapy, oral surgery and family 
practice. 
For further information contact: 

Robert Bettinger, M.D. 

Director of Pain Clinic 

Department of Anesthesiology 

West Virginia University Medical Center 

Morgantown, West Virginia 26506 
Deadline for applications is January 31, 1981. 

An equal opportunity/affirmative action employer. 


Department of 
Cardio-Thoracic Anesthesia 
Cleveland Clinic Foundation 

9500 Euclid Avenue 
Cleveland, Ohio 44106 


For further information, call (216)-444-2779 





UNIVERSITY OF IOWA 
DEPARTMENT OF ANESTHESIA 
PAIN CLINIC 


FULLY ACCREDITED 
ANAESTHESIA RESIDENCY 
PROGRAM - 
PGY-1, 2,3 & 4 


UNIVERSITY of MASSACHUSETTS 
MEDICAL CENTER 


A staff position available to a candidate with inter- 
est and experience in pain management and re- 
gional anesthesia. Minimal requirements are two 
years of clinical anesthesia and a year of specialized 
training, or an equivalent experience in clinical 
Applications are now being accepted for practice. 
Anaesthesia Residencies, (PGY-1, 2, 3 & 4) 
in the Department of Anaesthesia, Univer- 
sity of Massachusetts Medical Center, 
Worcester, Massachusetts. For further in- 
formation; please contact: 


Michael Stanton-Hicks, M.B.B.S. 
Program Director of Residency Program 
Professor and Chairman 
Department of Anaesthesia 
University,of Massachusetts Medical Center 
Worcester, MA 01605 


An Affirmative Action / Equal Opportunity Employer 


Responsibilities include participation in a newly 
established pain clinic, operating room duties, res- 
ident and medical student teaching, and research 
activities. 


The University of Iowa is 
an Equal Opportunity and 
an Affirmative Action Employer 


For further information please contact: 


WzNptLL C. Stevens, M. D 
PROFESSOR AND HEAD 
DEPARTMENT OF ANESTHESIA 
Universiry Or lowa HosrrrALs 
lowa Crrv, Iowa 52242 


University of 
Massachusetts 
Medical Center 
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The University of Alabama in Birmingham 


9th Annual Anesthesiology Review Course 


“ISSUES AND ANSWERS IN 
ANESTHETIC PRACTICE” 


February 21-22, 1981 


University of Alabama Medical Center, Birmingham 
Co-sponsored by the 
Alabama State Society of Anesthesiologists 


Speakers: Edmond I. Eger, Il: Joachim S. Graven- 
stein; Gerald A. Gronert; Edward R. 
Johnson; Ward R. Maier; Simon Gelman; 
William Lell; Paul Samuelson 


isoflurane, Drug Abuse, Malignant 
Hyperthermia, Multiple Trauma, Fluid 
Management, Electrical Safety, Calcium 
Antagonists, Controlled Hypotension, 
Morbid Obesity, etc. 


Subjects: 


Panel Discussions 


For more information write: 


Frederick R. Brosch, M.D., Program Chairman 
Department of Anesthesiology 

University of Alabama Medical Center 
Birmingham, Alabama 35294 





NEUROANESTHESIA 
FELLOWSHIPS 
at the | 
UNIVERSITY HEALTH CENTER 
OF PITTSBURGH 










— More than 1800 neurosurgical operations annually 
— Active clinical research programs 





We offer structured educational programs in 
both clinical neuroanesthesia and neuroanes- 
thesia research. The clinical program includes 
six to eight months operating room anesthesia 
for neurosurgical operations and rotations in 
neurology, neuroradiology, neuropathology, 
neurosurgery and critical care. Clinical research 
emphasizes EEG and evoked potential studies 
in the operating room, the intensive care unit 
and the primate laboratory. 












For further information contact: 


Betty L. Grundy, M.D. 

Director of Neuroanesthesia 

University of Pittsburgh School of Medicine 
Department of Anesthesiology/Critical Care Medicine 
1060E Scaife Hall 

Pittsburgh, PA 15261 


Telephone: (412) 624-1481 








LA.R.S. 1980 
REVIEW COURSE 
LECTURES AND 
ABSTRACTS OF 

SCIENTIFIC PAPERS 


Booklet containing 16 Review 
Course Lectures and Abstracts 


of 62 scientific papers given at 


the LA.R.S. 54th Congress in 
March 1980 is available from 
LA.R.S. Cleveland business 
office at $5.00 per copy. 
Supply is limited and orders 
will be filled on basis of 
receipt date of order. Make 
checks payable to 
International Anesthesia 
Research Society and send 
with order. 


$ & b 9 »$ » » e b» 5 9 * NW M Ó P 0 & 9 9 P * W b 9$ w b Ó 9, 9 9 V P M M *W b o à G 9 9 9 D b sa 


LA.R.S. ! 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Enclosed is check for$... . . for 
copy(ies) of “1980 Review 


| Course Lectures and Abstracts of 


Scientific Papers" to be sent to: 


(Name) 
(Mail address) 


(City-state-zip) 


(ORY 


PEDIATRIC ANESTHESIOLOGY RESI- 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B. Lewis, Jr., MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 


LOCUM TENENS—ANESTHESIOLO- 
GIST— 


Wanted to join expanding department 
with CRNAs in a rural, 200-bed acute care, 
university-affiliated hospital. Appoint- 
ment available immediately for nine 
months. Experience in all sub-specialties 
desirable. Location is in central Upstate 
New York and offers outstanding outdoor 
recreational opportunities. Please send 
curriculum vitae or correspondence to: L. 
Andrew Rauscher, M.D., Anesthesiolo- 
gist-in-Chief, The Mary Imogene Bassett 
Hospital, Cooperstown, New York 13326, 
Telephone (607) 547-3153. 


ANESTHESIOLOGIST— 


Full time position available for a Board 
certified/eligible Anesthesiologist to direct 
the Department of Anesthesiology in a 
JCAH accredited, 68-bed, community hos- 
pital affiliated with a large Detroit teaching 
facility. Department consists of physician 
chief supervising two hospital-based 
CRNAs in a newly renovated operating 
suite. Caseload primarily consists of gen- 
eral surgery, gynecology, urology and or- 
thopedics. Obstetrics coverage negotiable. 
Beautiful St. Clair River area with out- 
standing recreational, educational and cul- 
tural opportunities available. Interested in- 
dividuals should directly contact: Mr. 
Mark Eustis, Administrator, River District 
Hospital, 4100 South River Road, 5t. Clair, 
Michigan 48079 (313) 329-7111. 


cllassiiinec! 
ADVERTISING 


ACADEMIC PEDIATRIC ANESTHE- 
SIOLOGISTS— 


Pediatric — anesthesiologists, Children’s 
Hospital, University of Louisville School 
of Medicine. Positions for Board certified 
or Board eligible applicants with rank 
commensurate with qualifications. Duties 
include patient care, pediatric intensive 
care participation, resident and medical 
student teaching, and research opportuni- 
ties. Must be eligible for Kentucky licen- 
sure. Competitive salary and fringe bene- 
fits. Send inquiry curriculum vitae, and 
names and addresses of four references to 
Ronald E. Smith, M.D., Acting Chief of 
Pediatric Anesthesia, Department of 
Anesthesiology, University of Louisville 
School of Medicine, Louisville, Kentucky 
40292. An equal opportunity, affirmative 
action employer. 


PEDIATRIC ANESTHESIOLOGIST — 

To join private practice group in major 
medical center teaching hospital. Oppor- 
tunity to enjoy the best of both worlds in 
country's most desirable city. Prefer U. 5. 
graduate, Board certified/eligible, with 
postgraduate pediatric anesthesia training. 
Reply to - Search Committee, Houston 
Anesthesiologists, 710 Medical Towers, 
Houston, Texas 77030, (713) 791-3152. 


ANESTHESIOLOGIST: 


Needed at all academic levels. Must be 
Board Certified/Eligible. Duties include 
patient care, resident and medical student 
teaching and research. Positions available 
at the University of Missouri Medical Cen- 
ter Hospital and The Harry 5. Truman 
Memorial Veterans Hospital. Interested 
applicants send a Curriculum Vitae to: 
G.W.N. Eggers, Jr, M.D. Professor and 
Chairman, Department of Anesthesiology, 
University of Missouri - Columbia Health 
Sciences Center, Columbia, Missouri 
65212. 


ANESTHESIOLOGIST 

Needed Now! Boards—Group Practice— 
Fee/Service Full time—Phoenix, Arizona 
Area. Please send CV to Box 2-80-A, c/o 
IARS. 


(26) 


WANTED: 


Anesthesiologist needed for South Central 
Minnesota. Private group of 2 MDAs and 
7 CRNAs. Regional Anesthetic and Res- 
piratory care skills necessary. College city 
of 50,000. 80 miles from Minneapolis, Sal- 
ary and benefits competitive. Write Box 
11-80-E, c/o LA.R.S. 


ANESTHESIOLOGIST — 


We have an opportunity for a board eli- 
gible or certified Anesthesiologist to join 
our progressive, hospital based, multi-spe- 
cialty, group practice. The appointment 
offers a full-time varied workload in a 
three-physician Department which also 
includes seven CRNAs. There are House 
Staff teaching opportunities with faculty 
status and the possibility of limited re- 
search time. 

Located in an attractive rural resort village, 
The Mary Imogene Bassett Hospital is a 
medium-sized teaching facility affiliated 
with the Columbia University College of 
Physicians and Surgeons. An unusually 
broad ambulatory program complements 


in-patient services. 


We provide a competitive straight salary 
plus liberal fringe benefits including mal- 
practice coverage and immediately vested 
TIAA-CREF annuity contracts paid at 1596 
of salary. 

Please send curriculum vitae or corre- 
spondence to: L. Andrew Rauscher, M.D., 
Anesthesiologist-in-Chief, The Mary Im- 
ogene Bassett Hospital, Cooperstown, 
New York 13326, Telephone (607) 547- 
3153. 


PENNSYLVANIA— 


Board eligible or certified anesthesiologist 
wanted to join 3 anesthesiologists and 10 
CRNAs in 320-bed hospital starting July 
1981. Department has School for Nurse 
Anesthesia and provides anesthesia for 
Obstetrics and all types of surgery except 
open heart. Salary plus malpractice paid 
initially, leading to partnership in corpo- 
ration. Lovely area to live, good schools, 
proximity to Baltimore and Philadelphia. 
Send C.V. to: Joseph Katz, M.D., Anesthe- 
sia Department, St. Joseph Hospital, Lan- 
caster, Pennsylvania 17604. 


LOUISIANA — 


Qualified Anesthesiologist to join modern 
300-bed Federal Hospital. All type cases 
except open-heart. Located in lovely up- 
town section of New Orleans, a city which 
reflects both European heritage and the 
flavor of the Old South. Competitive sal- 
ary and benefits. Send CV and/or inquir- 
ies to: Mary Fosson, U. 5S. Public Health 
Service Hospital, 210 State Street, New 
Orleans, Louisiana 70118. Equal Oppor- 
tunity Employer. 


PAIN MANAGEMENT — 


Specialized  Year—Approved by the 
American Board of Anesthesiology-—Jan- 
uary 1981. Training and experience in 
management of benign chronic pain and 
cancer pain offered in a Multidisciplinary 
Pain Treatment Center. Opportunity for 
research. Write to: Edith R. Kepes, M.D., 
Director, Pain Treatment Center, Monte- 
fiore Hospital and Medical Center, 111 
East 210th Street, Bronx, New York 10467. 


ANESTHESIOLOGISTS WANTED— 


Board certified or eligible to join large 
group association of fee for service anes- 
thesiologists covering two hospitals with 
a total of 460 beds. Experience and quali- 
fications in cardiovascular, obstetric and 
general surgical anesthesia needed. Excel- 
lent opportunity for young and aggressive 
practitioners to expand existing high qual- 
ity and high volume services to a com- 
munity of 250,000. Prefer experience with 
an American training program. Send CV 
and letters of inquiry to: M. Guthrie, M.D., 
Director of Medical Affairs, Penrose Hos- 
pitals, 2215 North Cascade Avenue, Col- 
orado Springs, Colorado 80907. 


TULANE  UNIVERSITY—NEW OR- 
LEANS, LOUISIANA — 


Position available in January 1981 for a 
staff academic anesthesiologist. Responsi- 
bilities in clinical, teaching and research 
areas. Tulane University is an Affirmative 
Action/Equal Opportunity Employer. 
Send curriculum vitae to: Robert R. Kirby, 
M.D., Department of Anesthesiology, Tu- 
lane University Medical School, 1430 Tu- 
lane Avenue, New Orleans, Louisiana 
70112. 


classified 
ADVERTISING 


FMG ANESTHESIOLOGIST— 

U. S. Citizen, University trained, ECFMG, 
FLEX and Florida license. Available April 
1981. Looking for group practice or teach- 
ing institution. No geographic preference. 
Excellent references. Reply to Box 12-80- 
A, 96 LA.R.S. 


PENNSYLVANIA 


University Department has positions 
available for certified or Board eligible 
candidates. Interest in teaching and re- 
search an asset. Experience in open heart 
surgery desirable. Faculty appointment 
and competitive salary commensurate 
with experience and qualifications. Excel- 
lent fringe benefits. The two openings are 
new positions in an existing department at 
a V.A. Medical Center that is fully inte- 
grated with the University Anesthesiology 
Department, Equal opportunity, affirma- 
tive action employer. Send inquiries and 
credentials to: Peter Winter, M.D., Chair- 
man, Department of Anesthesiology, 1060 
Scaife Hall, University of Pittsburgh, Pitts- 
burgh, Pennsylvania 15261. 


IOWA 


University of Iowa, Department of Anes- 
thesia—Inquiries are invited for faculty 
positions from those with two years of 
clinical anesthesia training plus any anes- 
thesia subspeciality training or equivalent 
experience, and be eligible for an Iowa 
medical license. Special need exists for 
those qualified in intensive care, cardiac 
anesthesia, pain therapy, and pediatrics. 
Interested candidates should submit their 
curriculum vitae to: Wendell C. Stevens, 
M.D., Professor and Head, Department of 
Anesthesia, University of lowa Hospitals, 
Iowa City, Iowa 52242. 

The University of Iowa is an equal oppor- 
tunity/affirmative action employer. 


ANESTHESIOLOGIST: 


Greeley, Colorado. Board certified to meet 
existing need for anesthesia service. Fee 
for service in J. C. A.H. accredited, 334-bed 
general hospital. Send C.V. to Yu Hong 
Kim, M.D., Chief of Anesthesia, % Gregg 
A. Masters, Director of Medical Services, 
Weld County General Hospital, Greeley, 
Colorado 80631. 


SS A TS AR 
ANESTHESICLOGIST — 


Board Certified or eligible to join large 
group of fee for service anesthesiologists. 
Single hospita:, 900 beds, all types of an- 
esthesia except OB. Prefer recent graduate 
of American school. Send C.V. to Box 10- 
80-A, c/o IARS. 

prr UA 
INDIANA UNIVERSITY — 


Department of Anesthesia faculty posi- 
tions at the Assistant Professor level may 
become available after January 1981. Spe- 
cial interest in 2ediatric anesthesia or adult 
cardiovascular anesthesia are desirable. 
All candidates must be Board eligible or 
Board certified. If you wish to be consid- 
ered when these positions become availa- 
ble, please send a curriculum viate to: 
Robert K. Stoelting, M.D., Professor and 
Chairman, Department of Anesthesia, In- 
diana University School of Medicine, 1100 
West Michigan Street, Indianapolis, Indi- 
ana 46223. An equal opportunity/affirm- 
ative action employer. 
BRGNV a a We i EE 
ANESTHESIOLOGIST— 
Opening for anesthesiologist in university 
affiliated hospital in Southern Los Ange- 
les, Clinical teaching position for Board 
eligible or Board certified anesthesiologist, 
county employment with academic posi- 
tion at University. All types of anesthesia 
including night calls in 750-bed facility 
with active university residency programs. 
Obstetric anesthesia special training, ex- 
perience, and California license required 
for an OB anesthesia position, teaching 
and research background desirable. Re- 
muneration ar.d fringe benefits commen- 
surate with experience, according to 
county and university rank. Send C.V. to: 
Chingmuh Lee, M.D., Chairman, Anesthe- 
siologist, Harbor/UCLA Medical Center, 
1000 W. Carscn Street, Torrance, Califor- 
nia 90509. Equal Opportunity Employer. 
Ta A eg A I ED 
Rates for classified advertising: $3.00 
per line, minimum 5 lines; box number 
ads $3.50 per line. Classífied display rates 
on request. Copy deadline 6 weeks prior 
to publication. Do not submit payment 
with order; invoices will be sent for pay- 
ment prior to publication. Ad copy, subject 
to acceptance by publisher, should be 
mailed to: Anesthesia and Analgesia, 3645 
Warrensville Center Rd., Cleveland, OH 
44122. 


INDEX OF ADVERTISERS 


Breon Laboratories Inc.—Marcaine ......... 000.000.0000 c eee eee tee EEEE EEE dy te uke Beate Ds (20), (21) 
Classified PLAN CTHGING 129 5-6 4-0 pr DU ACD HUE WOR ban a WA Run ech Se Sota 2A ——— (26), (27) 
The Cleveland Clinic Foundation- Clinical Follswship m TET (24) 
Graphic Controls Corp.— ECG Monitoring Electrode ............ Deepen eee nent teen LLL Cover 4 
La Barge, Inc.—Mon-a-therm ......... eee sre CT eT eee Tee eee SA pebaeane sues Cover 2 
National Catheter Co.—Reinforced Tracheal Tube 2... 000060 ec eee ene (19) 
North American Drager—Narkomed 2 .............. 5m fee cette Cover 3 
Ohio Medical Products—Ohio Modulus ......... Peers MEM v" ce eee (8), (9) 
Physio-Control Corporation— UE MM MEC "rcr cr ee adiacet ded (10), (11) 
Puritan-Bennett Corp., Foregger Medical Division—Laryngoscopes ................ ice eee ees (7) 
Roche Laboratories— Valium Injectable ........... cee ee (4), (5), (6) 
Siemens/Elema AB— Servo Ventilator 5ystém ........... liess (12), (13) 
The University of Alabama— Anesthesiology Review oue TREE ERECTO IPEA NDS (25) 
. The University of Iowa— Employment Opportunities ..... MEA e" ZEE LL LLLI (24) 
University of Massachusetts Medical Center— Employment Opportunities CE E E EEE ENEE TEET (24) 
University of Pittsburgh School of Medicine— Neuroanesthesia Fellowships TRITT PIT I CPP (25) 
West Virginia University— Pain Clinic Fellowship .......... RUNDE: HR EE TELE EEEE EOE (24) 
Wyeth Laboratories— Ativan Injection ....... 0.000.000 0c cee eee "T eu TA (15), (16), (17), (18) 


(28) 































our patient is only as safe as your 
quipment. How well you know! Take a 
lose look at our centralized alarm 
nel on the new Narkomed 2 Total 
nesthesia System. The audible and 
sua! alarm system monitors: 


VENTILATION PRESSURE FAILURE 

the maximum que is less than that set 
the Dráger Pressure Monitor or the fre- 

ency of artificial ventilation is less than 

ee times per minute, an alarm is actuated. 


OXYGEN SUPPLY PRESSURE 


low 30psi, an alarm ís actuated. 


EXCESSIVE PRESSURE j 
uenis exceeds 65cmH,0, an alarm is 
ated. 
UB-ATMOSPHERIC PRESSURE 
1e pressure decreases below 10cmH;0, an 
m is actuated. 
NTINUING PRESSURE 
e pressure remains above 12.5cmH,0 for 
€ than 10 seconds, an alarm is actuated. 
~N.A.D. OXYGEN MONITOR 

unique breathing system monitor 
zes a rapid-responding polargraphic 
jen sensor. If the oxygen concentration 
below the preset level, an alarm is 
ted. 
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UM i MAIN SWITCH 
c gg (PUSH AND TURN) 


BLOOD PRESSURE 
Patient safety was 


the prime criterion = 
behind the innovative 

design of Narkomed 2. Our unique, 
pera eee cee far exceed the m bs 
curren >l £2-/9.8 standards. Amon B MNABEE- Co uo slo 
them—the N.A.D. Centralized Alarm s M "— 

Panel. You and your patients deserve eoo 

the best there is. Take a closer look at 

Narkomed 2, the total anesthesia p 
system of tomorrow. Write North 
American Drager. Ask for our literature. 
You'll see the total anesthesia System  - 
with the most safety features available, 
Today and tomorrow! ese 


VALVE PILOT LINE 


RTH AMERICAN DRAGER 
* Quarry Road W Telford, Pennsylvania 18969 M 215-723-9824 








Jnround Is Better. 


the unround Offset and Offset Dx ECG monitoring electrode... 
‘specially created to solve problems. 


nround for secure, 
nrestricted electrode 
lacement. | 

he unique elliptical design 
‘Offset electrodes permits 
acement on almost any body 
te and ensures conformation 
body contours. The special 
»at activated adhesive resists 
ontact loss due to perspiration 
ven when used on diaphoretic 
atients) and loosening action 
aused by prep solutions. 





>ffset Dx...all the benefits 

of Offset ECG monitoring 
jectrodes...Plus 

smaller in size, maximizing site 
slacement flexibility 

nore “aggressive” adhesive, 
nportant with problem patients 
«nd procedures 1 
uitable for diaphoretic patients, 
tress test and Holter Moni- 
jyring'""** procedures 


Manufactured under U S. patent 3,977392 
Wrademark of DelMar Avionics 


Unround to reduce motion 
artifact and ensure base-line 
stability. 

The Medi-Trace® Offset elec- 
trode separates the snap from 
the gel column, connecting 
them with a silver /silver chloride 
conductor. The result? Little or 
no movement of the gel column, 
producing a superior trace that 
virtually eliminates motion 
artifact. Since the snap is over 
the adhesive, leadwire induced 
artifact and loose electrodes 
caused by leadwire tugging 

are virtually eliminated. 


Unround Offset and Offset 
Dx...partofatotal ECG 
monitoring system. 
Packaged for your con- 
venience, Offset electrodes are 
available in singles, 3's and 
25's. Offset Dx electrodes come 
in singles, 5's and 25's. A multi- 
ple layer foil package maintains 
a clean product that is virtually 

‘impervious to moisture/ vapor 
transmission. 


Offset and Offset Dx are part 
of our total ECG monitoring 
system that includes a com- 
plete line of cables, leadwires, 
recording charts and patient 
record forms. 


Unround, the result of 

new technology in ECG 
monitoring electrodes.* 
Advanced technology assures 
unprecedented conductivity 
and an end to trace deterio- 
ration problems. Specially 
formulated gel prevents pre- 
mature dry-out and provides 
low impedance for a strong, 
reliable trace. In actual 
defibrillation tests, Offset elec- 
trode trace recovery occurred 
in less than one second! 


Uninterrupted ECG monitoring 
is virtually assured. 





Unround to result in 

a superior trace. 

The soft, flexible gel ring 
maintains a stable gel colum. 
even during patient and/or | 
leadwire movement. Motion an 
fact is greatly reduced. Further, 
the specially formulated low - 
impedance gel ensures base- 
line stability and minimizes 
patient skin irritatiohs. The 
result? A rapid, strong, clear - 
trace that's trouble free. 
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